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was ereater than that of uncoated cells in the presence of equivalent concentration of 
IL-2 Such cytokine-amibody fusion proteins may prove useful in targeting the biolog- 
icaf effect of IL-2 to tumor cells. 

#3225 Monday, April 22, 1996, 08:25-08:40. Room 10 

Therapv of poorly immunogenic murine tumors with tumor 
dritic cells: induction of a specific antitumor immune response mediated by T celbs, 
^.associated cytokines and B7 costimulation. Zitvogel. L.. Mayordomo J.I 
T.. DeLeo, A.B.. Lotze. M.T.. Storkus, W.J. Univ. Pittsburgh. Pittsburgh. 
Cancer Institute, Pittsburgh, PA 15261. 

Dendritic cells (DC) are arguably the most potent antigen presenting cells to pnme 
naive T cells in vitro and in vivo. We have previously demonstrated that bone-marrow 
(BMVderived DC pulsed ex vivo with synthetic tumor- peptides serve as potent antitu- 
mor vaccines efficient to protect against immunogenic tumors. To test this approach m 
the treatment of non immunogenic tumors expressing as yet uncharactenzed epitopes, 
svneeneic GM-CSF + IL-4-stimulated BM-DC. pulsed with unfract.onated acid-eluted 
umor peptides were injected in three i.v. injections of 5 X 10 cells in tumor bearing 
Zc Tne growth of a dav 4-8 established sarcoma MCA205 (H-2Kh or mammary 
adenocarcinoma TS/A (H-2K d ) were dramatically suppressed with comptoe tumor 
eradication in the C3 model (HPV16- transfected fibrosarcoma). The DC-mediated 
antitumor immune response was dependent on CD4+ and CD8+ T celis and transfer 
of spleens from immunized mice could completely protect sublethally treated nmve 
animals against a subsequent tumor challenge. IL-12 was critical to inmate the DC- 
*duced immune response since.depletion of mice with mAb anu-pW-U.- 
the DC-induced antitumor effects, whereas depletion with mAb ann-IL-4 did not. 
Similarly inoculation of the chimeric fusion protein CTLA4-Ig inhibited the therapeutic 
effects of peptide-pulsed DC in vivo. Therefore, we reported (J. Exp. Med . m press) that 
DC pulsed with MHC class 1 and/or class fl-eluted tumor peptides could be a valuable 
specific active immunotherapy of cancer. 

#3226 Monday, April 22. 1996. 1:00-5:00, Poster Section 5 

/„ vitro immunisation of peripheral autologous T cells by tumor extracts processed 
by autologous macrophages. Coulon. V., Ravaud, A.. Huet. S.. Verd.er. D. Gualde. N. 
Institut Bergonil Comprehensive Cancer Center. Bordeaux. France. 

The aim of the study was to assess the capability of macrophages issued trom bone 
marrow stem cells to process tumor cells antigens and then to interact with lymphocytes 
Macrophages from patients with melanoma 

weeks, bone marrow stem cells in the presence of both ' GM-CSF and SCF tAACR ^ 994 
abs #3081). These macrophages express the CD14. CD33. CD64 and CD71 markers, 
they produce cytokines and can in vitro kill various tumor cell lines (AACR 1995. abs 
#2810) Melanoma tumor cells were cultured for 4 weeks. Lymphocytes were obtained 
either from the tumor itself or from the blood. Tumor cells were freeze-thawed and 
combined with macro-phages activated by INFy and LPS (ratio 1:1). Macrophages were 
then cocultured with autologous lymphocytes for 4 to 5 days. Lymphocytes response 
was evaluated both by assessment of thymidine uptake and generation of cytotoxic T 
cells killing autologous tumor cells. Under these conditions the proliferative response ot 
T cells was three times higher than controls and the killing was enhanced as well. In 
some experiments we noticed a suppressive effect. It is likely that bone marrow lS sued 
macrophages could be used as antigen presenting cells for active anti-melanoma 
immunization. 



#3227 Tuesday, April 23. 1996, 1:00-5:00. Poster Section 10 

\nti-tumor activity and immune responses induced by human cancer apomucin 

Yuan Mei. Ma YunCuo, Fei LiHua, Li Li. Cancer Res. Lab. General Hospital oj PLA 
Beijing 100853 China. . 

Mucin molecules are displaved on most human cancer cell surtace. and are different 
from that expressed on normal cells. Some molecular structure of apomucin were 
identified recently. However, the function of apomucin is only poorly understood. To 
further elucidating the rote of apomucin in the modulation of cancers, this study wasto 
isolate and characterize the apomucin to investigate the immune responses induced. The 
cancer-associated mucin was isolated from pancreatic cancer cell line SW1990 bv 
chromatography and CsCl density gradient centrifugation. The isolated mucin has a 
hiSTomem of carbohydrate (85%), high molecular weight (670KD). After treated w,th 
anhvdrous HF to remove the carbohydrate. This apomucin was a mixture of peptides 
with molecular weight from 28->90KX>, including MUC-1. MbC-2 and MUC-3 
verified by ELISA and SDS-PAGE, Western blot. When immunized with this apomucin 
plus Detox, all of nine mice appeared delayed type hypersensitivity, as shown by 
mearsing the footpad swelling following intradermal injection of apomucin or synthetic 
peptide MUC2 or MUC3. The splenic cells of vaccinated mice were cocultured with 
Tpomucin 40ug/ml and rhIL-2 50u/ml in vitro. ^^^Jr^S? ^ 
cytotoxicity against cancer cells expressed epitope MUC1 or MUC2 or MUC3. mea- 
sured by 5l Cr release assay. These toxicity can be blocked by antibodies against MUC- 
or MUC3. Lymphocvtes from tumor draining lymph nodes of patients with gastric 
cancer colonic cancer and breast cancer were also proliferated when cocultured with 
apomucin 50ug/ml and IL-2 50u/ml in vitro, the expended cells developed strong 
^Toxicity against cancer cell lines: Kato-3. Lsl74t and SWI990. These results 
provide the rationale basis for the use of apomucin as a tumor vaccme to stimulate 
anti-tumor immunity. 



#3228 Sunday. April 21. 1996. 8:00-12:00, Room 15 

Induction of melanoma reactive CTL with peptides from the melanoma antigen 
gplOO modified at HLA-A *0201 binding residues. Parkhurst. M.. Salgaller. M.. 
Southwood. SA Robbins, P.. Sette. A.-. Rosenberg. S.A.. Kawakami. Y. Surgery- 
Branch. National Cancer Institute. NtH. Bethesda. MD 20892 and 'Dept. of Immunol- 
ogx Cxtel Corporation. San Diego. CA 92121. 

Recognition of the melanoma antigen gplOO by tumor infiltrating lymphocytes (TIU 
in vitro has been correlated with tumor regression in patients with metastatic melanoma 
treated with the adoptive transfer of TIL plus IL-2. Three common gp l OO epitopes have 
been identified which are recognized in the context of HLA-A2 by from uffereni 
patients: G9 l54 (KTWGQYWQV). G9 2og (ITDQVPFSV). and G9 2m (YLEPGPVTA). 
To attempt to enhance the immunogenic^ of these peptides. 53 synthetic peptides 
containing amino acid substitutions at HLA-A*0201 binding anchor positions, but not 
at TCR contact residues, were screened. Several modified gplOO peptides bound with 
greater affinity to HLA-A*0201 than unmodified peptides and were recognized by TIL 
specific for the natural epitopes. These peptides were used to sensitize PBL from 
HLA-A^-r melanoma patients in vitro. After 5 weekly re stimulations with either the 
native G9, w or G9, m peptide, melanoma reactive CTL could only be induced from two 
of 7 patients. However, amino acid substitutions in these peptides enabled the induction 
of melanoma reactive CTL from all 7 patients. These results suggest jhat selected 
modified eplOO peptides with enhanced in vitro immunogenic^ may also be more 
immunogenic in vivo and may therefore be useful in immunotherapy protocols for 
patients with melanoma. 



#3229 Tuesday. April 23. 1996. 1:00-5:00. Poster Section 9 

OHgoclonal T-cell response in metastases of melanoma patients responding to an 
hapten-modified tumor cell vaccine. Sensi. M.. Farina. C, Maccalli. C Lupetti R.. 
Nicolini G., Anichini. A.. Berd. DA Parmiani G. tstituto Nazionale Tumon. Mdano. 
hah and * Jefferson Medical College. Philadelphia. PA. 

Metastatic melanoma patients treated with an autologous, dinitropheny (DNP)- 
modified cell vaccine develop an inflammatory response at tumor sites. T-cell receptor 
6 chain variable (TCRBV) gene usage in T-cells infiltrating post-vaccine metastases 
from 6 patients was analvsed by PCR and compared with that of pre- vaccine lesions and 
PBL Few TCRBV regions were overexpressed in most post-vaccine lesions including, 
in 3/6 patients, TCRBV 14. Sequencing indicated the presence of dominant TCRBV 14 
transcripts, identical when asynchronous metastases of a single patient (Pi 2) were 
considered TCRBV 14+ T-cell lines obtained from Pt 2 multiple lesions mediated 
HLA-restricted autologous tumor lysis. These data indicate that, following DNP- 
vaccination. in vivo expansion of anti-tumor T-cells with a preferential usage ot 
TCRBV families occurs. Partially supported by AIRC. Milan. 



#3230 Wednesday, April 24, 1996, 8:00-12:00. Room 20 

Eradication of experimental metastases by vaccination with interleukm- 12- trans- 
duced carcinoma cells. Rodolfo. M., Zilocchi, C. Cappetti, B.. Parmiani. G.. Colombo. 
M.P. Istituto Nazionale Tumori Milano, Italy. 

Vaccination with C26 colon carcinoma cells engineered to produce IL-12 ^C-o/ L- 
P) resulted in the cure of 40% of mice bearing lung metastases ot the C51 colon 
carcinoma, which shares tumor associated antigens (TAA) with C26. Vaccination with 
C^6 producing IL-2 (C26/IL-2) reduced the number of metastases without aifecting 
survival Ami -TAA C-fixina antibodies were induced by vaccination with C26AL-I- 
but not with C26/IL-2. Both treatments induced anti-TAA CTL .in the lymph nodes 
draining the vaccination site and in the spleen. After treatment. T cells from draining 
lymph nodes and from lunas produced IFNy and IL-4 with a kinetics which depended 
on the cells used as vaccine. These results indicate that the better therapeutic efficacy 
of vaccination with IL-12 secreting tumor cells resulted from the. combination oi 
anti-TAA CTL response, production of C-binding anti-TAA antibodies, a faster acti- 
vation of IFNy producing T ceils in the lungs and a lower activation ot IL-4-producing 
T lymphocytes. Partially supported by AIRC. Milan. 



#3231 Monday, April 22. 1996, 10:55-11:10, Room 10 

Proliferation of T-cells from colon cancer patients by peptides based on the 
structure of an anti-idiotype antibody mimicking CEA. S. Pervin • A. Sherratt H-T. 
Wang 1 E. J. Blaloclr. M. Bhattacharya-Chatterjee 1 . H. KohlerV K.A. Foon and S. K 
Chatferjee 1 . 'Markey Cancer Center. Univ. of Kentucky. Lexington. KY-40536. and 
2 Univ. of Alabama. Birmingham. AL-35294. 

We developed an anti-idiotvpe antibody. 3HL mimicking CEA for therapy ot cancer 
patients. By comparison of the amino acid sequences of the complementarity determin- 
ing regions (CDRs) of 3H1 with CEA. we found that the light chain CDR-, .of 3H1 
showed the maximum homology with CEA. By using a computer algorithm based on 
the molecular recognition theory, this region of 3H1 was also identified as the ^one 
involved in id iotype- anti-idiotype contact. Two peptides we^ ^ s y mhe i lzed ^ b ^ t d n ^ t in 
amino acid sequence of this region to examine their potential as T cell epitopes in 
colorectal cancer patients. Peripheral blood mononuclear cells ; (PBMC) trom 5 of these 
patients were used for cell proliferation assay before and after 3H 1 therapy. PBMC trom 
2/5 patients were stimulated by both of these peptides multiple times during the course 
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1st lntematio\ 

in the literature the concept of low and high grade 
melanoma. 3 We studied the disease-free interval of 
181 patients from our data base presenting with a Breslow 
thickness of the primary lesion in the extremes of the 
prognostic spectrum; 52 patients with a thickness of 10 
mm or greater and 129 patients with 1 mm or less. Nearly 
40% of patients with a thick lesion had metastases at 
presentation and all developed them within 3 years. In 
contrast nearly 40% of patients with lesions measuring 
1 mm or less survived disease-free beyond 10 years, but 
were at risk of a recurrence as late as 20 years after initial 
diagnosis. We present representative cases treated sys- 
temically for thick, high risk primary lesions. Preliminary 
observations on 23 patients with thick, high risk primary 
melanoma and metastases to regional lymph nodes, 
treated with pre-operative vindesine and DTIC (proto- 
chemotherapy) will be discussed. 

1. Retsas S. On the antiquity of cancer, from Hippocrates to 
Galen. In: Retsas S, ed. Palaeo-oncology: The Antiquity of 
Cancer London: Farrand Press, 1986; 41-58. 

2. Retsas S, Gershuny A. Central nervous system involvement in 
malignant melanoma. Cancer 1988; 61: 1926-1934. 

3- Retsas S. Early or low-grade melanoma? Lancet 1987; 276-277. 

6 

Melanoma: a dermatologist's dilemma 

C. Fuller, F. Child, E. Higgins and A. du Vivier 

King's College Hospital, London, UK 

The management of thin melanomas is straightforward 
since primary excision is usually curative. The current 
dilemma facing the clinical dermatologist is what to offer 
those patients in the intermediate and thick lesion groups 
who have a more guarded prognosis. Our policy prior to 
1989 was to excise the melanoma and then follow an 
expectant policy referring only if and when metastases, 
diagnosed clinically, occurred. In the last 5 years we have 
altered our approach and referred all patients with thick 
melanomas to an oncology department immediately after 
surgery. We report on eight patients (four male and four 
female), median Breslow thickness 4.38 mm (range 3.2- 
21 mm). All had elaborate staging procedures which were 
pronounced negative. An expectant policy was thus 
adopted by the referral centre. Six out of eight subse- 
quently relapsed (one local only, four lymphatic only and 
one local and lymphatic metastases) at a mean of 28.4 (1- 
68) weeks from negative staging; all patients with sec- 
ondaries subsequently received conventional therapy and 
remain alive. In contrast, we have seen 119 patients 
between 1989 and 1994 with thin lesions who we did 
not refer. Only one has so far metastasized. With the 
advent of more successful therapeutic modalities, we ask 
whether high risk patients should be offered adjuvant 
therapy and if an open trial should be designed? 

7 

Surgical adjuvant treatment of melanoma: 
levamisole and isoprinosine 

L E. Spitler 

Northern California Melanoma Centre, San Francisco, CA, 
USA 

We conducted a prospective randomized trial of levami- 
sole vs placebo as surgical adjuvant treatment in 203 



xl Conference on the Adjuvant Therapy of MM: Abstracts 

patients with malignant melanoma who were at high 
risk for recurrence. 1 Of the patients randomized, 104 
received levamisole and 99 received placebo. There was 
no difference between the treatment and control groups 
with regard to any of the three end-points analysed. These 
included disease-free interval, time to appearance of 
visceral metastases and survival. Moreover, there was 
no significant difference between the treatment and con- 
trol groups after adjusting for age, sex or stage of disease. 
These results differ from the results reported by Quirt et 
al who reported benefit in the group of patients ran- 
domized to receive levamisole. This difference could be 
due to the slightly different dose of levamisole used in the 
two studies, or could be due to other factors, such as the 
fact that control patients in the study reported by Quirt did 
not receive placebo. In a follow-on study, not yet pub- 
lished, we conducted a randomized double-blind trial of 
isoprinosine vs placebo as adjuvant therapy for surgical 
treatment in 280 patients with melanoma. Of the patients 
entered into the study, 143 received placebo and 137 
isoprinosine. The distribution of important prognostic 
variables was similar in both groups, indicating the effi- 
cacy of the randomization and the absence of bias. No 
serious or life-threatening side effects were noted. Ele- 
vation of serum uric acid levels were noted in some of the 
patients randomized to isoprinosine. There was no sta- 
tistically significant difference between the treatment and 
control groups regarding any of the three end-points. 
There was a trend in favour of the isoprinosine group in 
patients receiving 3 months of treatment and in patients 
with stage I disease, but this did not reach the level of 
statistical significance. On the basis of this analysis, we 
conclude that isoprinosine is safe. We further conclude 
that isoprinosine, as compared to placebo, appears to 
have no benefit if one analyses results in the entire patient 
population but there may be benefit in patients receiving 
the protocol medication for longer period of time and in 
patients with stage I disease. Banzet et al} reported 
preliminary results of two randomized studies of isopri- 
nosine. In the first study, 349 patients were randomized 
and there was no difference in the treated and control 
groups. In the preliminary report of the second study, 143 
patients were evaluable, and there was a highly signifi- 
cant difference in the disease-free survival, but not in 
overall survival. Comparison of the final results of these 
studies of isoprinosine will be of interest. 

1. Spitler LE. / Clin Oncol 1991; 9: 736-740. 

2. Quirt IC, et al. J Clin Oncol 1991; 9: 729-735. 
3- Banzet P, et al Melanoma Res 1993; 3: 293. 

8 

Adjuvant programme in malignant melanoma 
with hapten modified tumour cells, on patients 
with stage 3 disease who are rendered disease- 
free by resection of palpable large (> 3 cm) 
regional lymph node metastases 

M. J. Mastrangelo and D. Berd 

Division of Neoplastic Diseases, Department of Medicine, 
Jefferson Medical College, Philadelphia, PA, USA 

Major impediments to successful tumour immunotherapy 
include weak immunogenicity of human tumour antigens 
and suboptimal methods of immunization. Our strategy to 
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overcome these impediments is multifaceted and includes 
BCG as an immunological adjuvant and pretreatment with 
low doses of cyclophosphamide to augment the devel- 
opment of cell-mediated immunity. Autologous tumour 
cells are conjugated with the hapten dinitrophenyl to 
generate helper T cells. We hypothesize that the T cell 
response to a strongly immunogenic, hapten-modified 
tumour antigen will be followed by development of 
immunity to unmodified tumour antigen. Use of this 
vaccine in patients with metastatic melanoma has pro- 
duced one complete and four partial remissions among 46 
patients (11%). Striking tumour inflammatory responses 
(marked erythema, warmth and tenderness of superficial 
metastases and the overlying skin) were commonly seen 
(about 50% of patients). Microscopic examination of in- 
flamed tumours shows melanoma cells infiltrated with T 
lymphocytes the majority of which were CD8-K T cells 
derived from inflamed tumours exhibit a cell surface 
phenotype indicative of activation, ie HLA-DR+ and 
CD69+. Moreover, post-vaccine, inflamed tumour biop- 
sies contain mRNA for y interferon (5/8 specimens). Anti- 
tumour effects have been more apparent in patients with 
a smaller tumour burden. We have treated 78 patients with 
stage 3 melanoma, all of whom have been rendered 
disease-free by resection of palpable, large (>3 cm) 
regional lymph node metastases. Median follow-up is 
22 months and 24 patients have been followed for 2 or 
more years. The 3-year disease-free survival and total 
survival of this group appear to be unusually high: about 
55% and 62% ? respectively. The published 5-year survival 
of patients treated with surgery alone is about 20%. Our 
own historical control group of 22 patients treated with 
unconjugated vaccine had 3-year disease-free survival 
and total survival rates of 28% and 30% respectively. In 
7/10 patients who developed subcutaneous metastases as 
a first manifestation of recurrent melanoma, the histology 
of the tumours showed significant lymphocytic infiltra- 
tion, sometimes associated with massive tumour necrosis. 
In summary, this is a seemingly active vaccine but has 
limited applicability to large patient populations because 
of the labour intensity of vaccine preparation, the un- 
availability of necessary quantities of autologous tumour 
and the plethora of regulatory issues. 

9 

Adjuvant therapy: from microbial 
immunostimulants to recombinant interferons 

J. M. Kirkwood 

University of Pittsburgh, PA, USA 

The adjuvant therapy of melanoma has been pursued 
with a myriad of chemotherapeutic and biological agents. 
Chemotherapeutic approaches to date have failed to alter 
the relapse-free and overall survival of melanoma while a 
variety of leads from biological interventions have 
emerged, with recent early evidence of therapeutic ben- 
efit that may alter the standard of care for melanoma in the 
future. The analysis of studies of immunostimulants sug- 
gest that the activity of these agents was poorly under- 
stood, and trials inadequately constructed to test their 
role(s) in high-risk melanoma. The immunological prog- 
nostic variables that have been identified in high-risk 
melanoma during recent adjuvant trials of the agent 
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OK432 have been defined, and may serve as the basis 
for more rational interv entions with this class of agents in 
the future. The interferons (IFNs) are inducible glyco- 
proteins produced in response to a variety of stimuli by 
most cells of the body. The three major types of IFN (at. ft 
and y) have been cloned and industrially produced for 
clinical investigations over the past decade. IFN i-2 has 
been most extensively evaluated for its potential role in 
the therapy of metastatic and resected high-risk melano- 
ma. The antitumour activity of IFN 2-2 in metastatic 
melanoma is well-documented, with response rates of 
15-25% in single-institution trials. Adjuvant applications 
of IFN a-2 in high-risk T4 and Nl melanoma have been 
tested since 1984. and the first significant impact of 
therapy upon relapse-free survival in such patients was 
reported in the Eastern Co-operative Oncology Group 
(ECOG) trial EST I684 in 1993 At a median follow-up of 
4.7 years, the continuous relapse-free survival of 38% of 
patients receiving IFN 2-2 in the earlier ECOG trial EST 
1684, as compared with 26% in patients who were ob- 
served in this trial, suggests the possibility of a curative 
effect of high-dose IFN a-2 in high-risk melanoma. The US 
Intergroup has further tested the same high-dose regimen 
for 1 year, in comparison to a less toxic low-dose regimen 
of IFN a-2 for 2 years, while the World Health Organisa- 
tion has evaluated a similar low-dose regimen of IFN a-2 
given for 3 years. These studies are ongoing and it is too 
early for meaningful assessment of survival impact. 
1. Kirkwood J. Hunt M. Smith T. et at. A randomised controlled 
trial of high-dose IFN alfa-2b for high-risk melanoma: the 
ECOG trial EST-1684. Proc Am Soc Clin Oncol 1993; 12: 390. 



10 

Efficacy of adjuvant interferon ?2a therapy after 
radical surgery in melanoma patients with 
regional node metastases: the experience of 
WHO Melanoma Programme 

R Belli 

On behalf of the WHO Melanoma Programme 

From July 1990' to December 1993, 444 patients were 
accrued in a randomized multicentric clinical trial carried 
out by the WHO Melanoma Programme, with the parti- 
cipation of 23 centres, aimed at evaluating the efficacy of 
recombinant interferon-a 2a (rIFNa 2a) given at low dose 
(3 iMU) three times a week for 3 years. Out of 444 patients 
426 were evaluable: of these 208 were randomized to 
receive surgery only, and 218 surgery plus rIFNa 2a. The 
medium follow-up was 19 months. The 2-year disease- 
free survival was 46% ( 95% CI 36.4-54.8) in patients given 
interferon, but only 2~ ,} 'o (95% CI 18.2-35.8) for those who 
received surgery alone (P=0.01, log-rank test). Multi- 
variate analysis (Cox s regression model) of factors that 
influenced disease-free survival indicated that in addition 
to adjuvant interferon therapy, the number of positive 
nodes (P= 0.0003) and sex (P=Q.Q$) were independent 
determinants of disease-free survival. Analysis of disease- 
free survival in males and females by age indicated a 
complex relationship between age, sex and IFNot-2a ther- 
apy. Improved survival in males with increasing age given 
IFN was seen. In females the opposite trend was seen, 
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Vaccine Trials for the Oinician: Prospects for Tumor Antigens 



S US ANNE OSANTO 

Department of Clinical Oncology, Leiden University Medical Center, Leiden, The Netherlands 
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Abstract 

Recent insights in antigen presentation, the identifi- 
cation of human tumor antigens, and the demonstration 
of MHC class-I-restricted cytotoxic T lymphocyte (CTL) 
recognition of peptides encoded by tumor antigen have 
renewed the interest and enthusiasm for the develop- 
ment of cancer vaccines. Melanoma serves as a para- 
digm of an immunogenic human tumor, and several 
tumor antigens, including MAGE, MART-l/Melan-A 
and gplOO, recognized by CTLs, have now been isolated. 
Candidate antigens for novel vaccine trials may include 
HLA class-I-binding tumor peptides that serve as CTL 
epitopes, whole tumor protein, or DNA-based vaccines. 
Requirements for the use of peptides are that the 
patient's tumor presents the relevant CTL epitopes as 
used in the vaccine and expresses the appropriate MHC 
class-I-restricting molecule. Immunological monitoring 
may be facilitated when using peptide-based vaccines. 
Because optimal presentation of tumor antigens may 
depend on provision of appropriate costimulatory sig- 
nals, it may be more advantageous to administer profes- 
sional antigen-presenting cells (APCs), such as dendritic 
cells (DCs) pulsed with tumor peptide or protein, to 
cancer patients. 



Introduction 

With the maturing of our insights into the biology 
of cancer and basic immunological mechanisms, we 
now have opportunities to rationally develop vaccine 
approaches against cancer. The idea of developing a 
cancer vaccine has been a dream of immunologists for 
years and is based on the concept that tumors possess 
distinct antigens that should be recognized by the 
immune system. 

Different mechanisms may be used to amplify tumor- 
specific immune responses. In the absence of well-defined 
tumor regression antigens, attempts to develop cancer vac- 
cines have made use of live or irradiated allogeneic or 



Developments in molecular genetics have led to a new 
approach in vaccines consisting of cancer cells genetically 
engineered to express immunomodulatory molecules. 
This may result in increased antitumor responses to both 
gene-modified as well as unmodified tumor cells. 

The therapeutic approach is extended to vaccination tri- 
als with recombinant viruses containing the genes encoding 
tumor antigens, minigenes containing multiple CTL epi- 
topes, or double recombinant vectors engineered to express 
both the tumor antigen and immunostimulatory molecules. 

Clinical peptide, protein, and DNA-based vaccine trials 
have recently been initiated. Thus far, exciting clinical 
remissions were obtained in melanoma patients foDowing 
vaccination with HLA-A1 -binding MAGE-3 peptide and in 
B-cell lymphoma patients immunized with autologous DCs 
pulsed with anti-idiotype protein, i.e., the individual 
patient's unique tumor antigen. Also, following injection of 
foreign HLA-B7 DNA into cutaneous melanoma metas- 
tases, T-cell migration into treated lesions and enhanced 
cellular immunity at the site of the tumor were shown in 
some patients. These encouraging results suggest that 
effective new vaccines in cancer will be identified. The 
Oncologist 1997;2:284-299 



autologous tumor cells or tumor cell lysates, either alone or 
mixed with adjuvants such as bacillus Calmette-Guerin 
(BCG) and Corynebacterium parvum [1-13]. These vacci- 
nation studies have been largely unsuccessful, although in 
some reports, the remissions associated with disease-free 
survival were shown to correlate with the return of delayed- 
type hypersensitivity (DTH) responses to recall antigens 
and the development of a DTH response to autologous 
tumor cells. Also, well-defined immunogenic molecules 
such as gangliosides (glycosphingolipids anchored in the 
lipid bilaycr of plasma membranes and overexpressed in 
melanomas and neuroblastomas) that are derived from 
melanoma cells or other sources [14-17] and anti-idiotypic 
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antibodies carrying the "mirror image" of the antigen [18-20] 
have been administered to cancer patients as vaccine. 

More recently, vaccination trials have been initiated 
using tumor cells that were genetically modified by DNA 
sequences encoding a variety of immunomodulatory mole- 
cules to increase their immunogenicity. Unraveling of the 
cellular basis of antigen recognition has fueled the current 
interest in exploration of tumor peptides for vaccination 
against cancer, particularly in melanoma. Rational vaccine 
protocols may include tumor peptide or (protein) antigen, 
administered alone or pulsed onto dendritic cells (DCs). The 
following overview will present the background and current 
state of immunobiology-driven vaccine development for 
cancer aiming at T cell-mediated antitumor responses. 



Antigen 
Recognition by 
T Cells 

The immune system 
has over time generated 
two arms to defend the 
body: the humoral and 
the cellular immune 



response. T lymphocytes play a central role in the cellular 
immune response. Antibodies recognize antigens as native, 
folded protein at the cell surface, whereas T cells recognize 
antigen as a fragment of protein (peptide) complexed with a 
major histocompatibility complex (MHC) molecule on the 
surface of cells (Fig. 1) [21, 22]. The MHC molecules are 




Figure L Scheme for the recognition of a tumor peptide complexed 
to MHC class I molecule by a CTL 



highly polymorphic, and the different alleles have distinct pep- 
tide-binding specificity. Sequencing of peptides eluted from 
MHC molecules resulted in the discovery of allele-specific 
motifs which correspond to critical anchor residues; these 
residues fit into specific pockets of MHC molecules [23, 24]. 

Intracellular proteins in the cytosol are cleaved by proteo- 
somes into short peptides comprising 8 to 10 amino acids. 
These peptides are transported via the specialized transporter 
associated with antigen processing (TAP) into the endoplas- 
mic reticulum where they bind to newly synthesized MHC 
class I molecules. After binding, the complex is transported 
through the Golgi apparatus to the cell surface, where it can be 
recognized by cytotoxic T cells (CD8 + ) (Fig. I). Since all 
endogenous intracellular proteins can be presented to the 
immune system in this way, any tumor-specific structure may 

function as a potential 

tumor-specific antigen and 
be recognized by T cells. 

Antigen-presenting 
cells (APCs) express high 
levels of MHC class I and 
II and accessory/costimu- 
latory molecules [25, 26 1, 
and migrate to central lymphoid organs where optimal 
priming of T cells can occur and immune responses are ini- 
tiated. DCs are the most potent APCs in the body that play 
a major role in initiating immune responses such as activa- 
tion of MHC-restricted T cell responses and the formation 
of T cell-dependent antibodies. APCs take up extracellular 
proteins by either endocytosis of phagocytosis. Foreign 
proteins are degraded into peptides in acidified endosomes, 
where they bind to newly synthesized MHC class II mole- 
cules, which are specifically targeted to this compartment. 
The MHC-peptide complex is then brought to the cell sur- 
face where it can be recognized by CD4 + helper T cells. 
Depending on the helper T cell that binds to the complex, B 
cells are stimulated and antibody production augmented. 
Like most cells, APCs use their MHC class I molecules to 
present peptides from endogenous proteins. Evidence has 
now emerged that in addition to presenting endogenous 
peptides, a subset of APCs can also acquire and present 
exogenous proteins on MHC class I molecules [27-31]. The 
discovery of this second antigen-presenting pathway pro- 
vides an opportunity to develop new kinds of protein- 
based vaccines that will result in initiation of cytotoxic T 
lymphocyte (CTL) responses to class-I-binding peptides 
derived from exogenously administered proteins. While 
intact proteins need to be processed to generate antigenic 
peptides, soluble peptides can bind directly to a small 
fraction of empty class I or class II molecules present on 
the cell surface. 
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Human Tumor Antigens Recognized by T Cells 
Melanoma is the most striking example of a non-virus- 
induced immunogenic tumor in man that is able to elicit T 
cell-mediated antitumor immunity in vivo. The majority of 
human tumor antigens defined by T cells have been identified 
utilizing patients' T lymphocytes as effector cells and tumor 
cells obtained from autologous (metastatic) tumor deposits as 
targets. Several investigators have isolated cross-reactive 
tumor-specific CTLs from peripheral blood, lymphocytes, or 
tumor-infiltrating lymphocytes of melanoma patients, and 
these CTLs are able to recognize common tumor antigen 
expressed in melanomas that share the restricting HLA class 
I allele [32-35]. Since 1991, a number of genes encoding 
human melanoma antigens recognized by T cells have been 
cloned utilizing melanoma-reactive CTLs [36-44). 

Three types of T cell-defined anti- 
gens encoding for several HLA class- 
I- or class-II-binding peptides have 
now been identified in melanoma 
(Table 1 ) and these antigens are targets 
for vaccination (Table 2). The first 
group of antigens is expressed in 
melanoma but also in other cancers 
(e.g., melanoma antigen [MAGE], 
BAGE, GAGE). The second group of 
antigens is specific for melanocytic 
differentiation, and these antigens are 
shared by melanoma and melanocytes 
(e.g., tyrosinase, MART-l/Melan-A, 
and gplOO). The third group of anti- 
gens is unique, resulting from point 
mutations expressed by the individual 
patient's tumor (e.g., MUM-1, CDK4). 

The first melanoma antigen that 
was identified is MAGE-1. MAGE- 
1 , -2, and -3 were the original family 
of human melanoma-specific anti- 
gens that were molecularly identified 
using a DNA library to clone the 
gene [36, 43]. MAGE-1 antigen is 
restricted by HLA-A1 or Cwl6 [45, 
46], while MAGE-3 yields peptides 
recognized by HLA-A1- or HLA- 
A2-restricted CTLs |47, 48] (Table 
1). The MAGE genes are not 
expressed in normal adult tissues 
except testis, but are also expressed 
in carcinomas of breast and iung car- 
cinomas [49] (Table 2). The function 
of MAGE has not been elucidated 
yet. More recently, other genes called 



BAGE |37] and GAGE- 1 and -2 [38] were identified in 
melanoma and shown to be expressed in other cancers, but 
not in adult tissue except the testis. BAGE and GAGE were 
shown to be restricted by HLA-Cw16 and HLA-Cw6, 
respectively (Table 1). 

The melanoma antigens MART-l/Melan-A, gplOO, tyro- 
sinase, and tyrosinase-related protein (TRP1 or gp75) repre- 
sent differentiation antigens expressed by normal 
melanocytes. Tyrosinase is a key enzyme in the melanin syn- 
thesis pathway in pigmented cells; the functions of the other 
genes are not known. MART-l/Melan-A, gplOO, and tyrosi- 
nase each yield several HLA-A2-binding CTL epitopes, but 
the four differentiation antigens are also recognized by HLA- 
A24, -A31, and -B44-restricted CTLs [40-42, 44, 50-60] 
(Table 1). HLA-A2 is the most frequent MHC class I allele in 
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MAGE-1 


HLA-A1 
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HLA-Cwl6 
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MAGE-3 


HLA-A1 
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HLA-A2 
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BAGE 


HLA-Cwi6 
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HLA-Cw6 
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Tumor-specific, mutated gene products . 






MUM-1 


HLA-B44 
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|66| 
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HER-2/neu 


HLA-A2 
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Caucasians and appears to be the predominant restriction ele- 
ment for an anti melanoma-directed immune response. 
MART-l/Melan-A, and gplOO appear to be recognized by a 
high percentage of tumor-infiltrating lymphocytes (TILs) 
and tumor-reactive CTL lines obtained from HLA-A2 
patients [40, 41, 50-53]. Tyrosinase has also been identi- 
fied as recognized by CD4 + T cells in a class II-restricted 
manner [61, 62] (Table 1). Some of the peptides derived 
from the differentiation antigens were isolated by elution 
of peptides from the MHC molecules at the cell surface 
of melanoma cells [63, 64]. The immunogenicity of these 
melanocyte differentiation antigens demonstrates that an 
immune mechanism against nonmutated self-antigens 
with limited tissue distribution can be mounted in cancer 
patients and that it is indeed possible to alter the state of 
tolerance to self-antigens [65]. 

The third group of antigens comprises mutated gene prod- 
ucts, namely mutated MUM-1, CDK4, and P-catenin, recog- 
nized by autologous lymphocytes from individual patients 
1 65-68 1 (Table 1 ). A CTL-epitope encoded by a mutated intron 
was recently identified and the gene product resulting from 
incomplete mRNA splicing was named MUM-1. Mutated 
cyclin-dependent kinase 4 (CDK4, a protein involved in cell 
cycling) encodes for another CTL epitope, fi-catenin is 
involved in cell-cell adhesion. 

T-cell mediated antitumor reactivity has also been 
found in other types of malignancies including breast car- 
cinoma, ovarian and renal cell carcinoma [69-83]. 
Targets for vaccination include viral products in virus- 
induced malignancies, fusion proteins derived from chro- 
mosomal breakpoints, and the products of oncogenes that 
are either mutated or overexpressed in malignant tumors 
[84-101] (Table 2). 

Human papilloma virus (HPV) type 16 (HPV16) is 
strongly associated with cervical carcinogenesis. The 
HPV 16 E6 and E7 oncoproteins are constitutively 
expressed in the majority of cervical tumor cells and are, 
therefore, attractive targets for CTL-mediated immuno- 
therapy. CTL reactivity against HPV proteins has also 
been found in cervical cancer patients. Although a number 
of HLA-A2-binding peptides encoded by the viral onco- 
genes E6 and E7 from HPV type 16 are identified [84, 86, 
87], only a small number of patients with HPV16-associ- 
ated cervical lesions were shown to have a natural CTL 
response to these peptides [88J. This suggests that in 
many cervical cancer patients a CTL response against 
such proteins can be induced and that HPV 16 E6 or E7 
peptide-based vaccination strategies may be useful. 

The predominance of oncogene activation in human can- 
cer makes the mutated oncogene products attractive candidates 
for immunotherapy [89, 90). Somatic point mutations in ras 
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Type of antigen 

Tumor-specific antigens 
MAGE-l.-l -3 
BACE 
GAGE-1,-2 
Idiotype antibody 
Mucin- 1 

Differentiation antigens 

Tyrosinase 
TRP-1 

MART-l/Melan-A 
gplOO 

Prostate-specific antigen 



Mva^iBjfei 
Type of cancer 

Melanoma, breast, lung cancer 
Melanoma, breast cancer 
Melanoma, breast, lung, bladder cancer 
B-cell malignancy 
Breast, ovarian, pancreatic cancer 

Melanoma 
Melanoma 
Melanoma 
Melanoma 
Prostate cancer 




Mutated oncogenic or fusion protein 



ras 
p53 
bcr-abl 

Overexpressed proteins 

HER-2/neu 

Viral proteins 

HPVE6, E7 
Epstein-Barr virus 



Gastrointestinal, lung cancer 
Colorectal, breast, lung cancer 
Chronic myelogenous leukemia 

Breast, ovarian, lung cancer 

Cervical cancer 

Burkitt's lymphoma, nasopharyngeal cancel 




HPV = human papilloma virus 



oncogenes are frequently found in pancreatic (90%) and other 
gastro-intestinal adenocarcinomas. Mutant ras peptides are 
therefore a candidate vaccine for specific immunotherapy in 
pancreatic and colon carcinoma patients [90]. Both CD4 + and 
CD8 + T cell clones recognizing mutant ras have been identi- 
fied in patients with colorectal cancer [91-93], Furthermore, 
human HLA class-I-restricted CTL responses against mutant 
ras could be induced in vitro [94], However, the CTLs gener- 
ated in vitro did not show lytic activity against tumor cells 
expressing mutant ras. The p53 protein represents another 
potential target as p53 mutations, leading to enhanced expres- 
sion of p53, are common in several cancers, e.g., colon, lung, 
and breast carcinoma [95-97]. 

Chromosomal translocations may result in the generation 
of fusion genes such as the bcr-abl gene in chronic myeloge- 
nous leukemia. CTLs specific for bcr-abl peptides that bind 
to HLA class I molecules can be generated [98, 100, 101). 
Fusion proteins are common in human malignancy and are 
candidate antigens for vaccine trials. 

CTL reactivity against HER-2/neu has been found in 
patients [79, 80], HER-2/neu is a growth factor receptor 
homologous to an epidermal growth factor receptor that is 
overexpressed in about one-third of breast carcinomas and 
. also in ovarian, lung, and colon adenocarcinomas. In breast 
cancer, HER-2/neu overexpression has been correlated with 
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. poorer prognosis. Also, carcinoembryonic antigen (CEA) 
■(102] may potentially be a good candidate for vaccination 
in patients with colorectal cancer. In patients with over-ex- 
pression of HER-2/neu, both T cells and antibodies reactive 
: to HER-2/neu could be demonstrated [103]. Animal studies 
indicate that vaccines consisting of subdominant epitopes 
derived from these self-proteins may elicit an effective 
immune response [104|. 

MUC-1 (Mucin I, PEM) is a large, molecular, tumor- 
specific carbohydrate antigen on the cell surface that is 
aberrantly glycosylated and upregulated in breast, ovar- 
ian, colon, and pancreatic carcinoma. MHC-unrestricted 
MUC-1 specific CTLs have been isolated from breast, 
ovarian, and pancreatic cancer patients [69, 71]. 

The identification of , : . : . . ; : ; ., v ,. ; 
common tumor antigens 
implies that we do not 
depend solely on the use 
of autologous tumor 
cells as a vaccine in can- 
cer patients. It justifies 
the use of both autolo- 
gous as well as allo- 
geneic HLA-matched 
tumor cells and tumor 
antigens as vaccines. Such vaccines may be applicable in a 
considerable number of cancer patients. 

Gene-Modified Tumor Cell Vaccines 

In the early 1990s, various investigators reported 
enhanced immunogenicity of tumor cells following 
genetic modification with cytokine cDNA. In several 
models, interleukin 2 (IL-2) gene-modified tumor cells 
as well as the wild-type, unmodified parental tumor cells 
were rejected [105-108]. Similar results have been 
obtained following the use of tumor cells engineered to 
secrete other cytokines, e.g., IL-4, IL-7, interferon- 
gamma (IFN-y), tumor necrosis factor-alpha (TNF-ot), 
G-CSF, and GM-CSF [109-116]. Most reports indi- 
cate that this approach is highly effective in protecting 
animals from subsequent tumorigenic doses of non-mod- 
ified tumor cells, but few animal studies indicate that 
this approach is also effective in eradication of already- 
established tumors. Similar strong antitumor responses 
were obtained following vaccination with tumor cells 
engineered to express foreign MHC genes, class 1 or II, 
or the B7 (costimulatory molecule) cDNA [1 17*125]. 

The effector cells that mediate the observed reduced 
tumor regression may differ depending on the model studied. 
Since the first human gene marking was approved and con- 
ducted in the U.S. [126], several gene therapy protocols have 



been initiated there and in Europe. The advantage of a genet- 
ically modified autologous cell vaccine is that it contains the 
whole collection of tumor proteins and therefore has the great- 
est chance of inducing an immune response against relevant 
tumor antigens. However, growing autologous tumor cells in 
vitro to establish tumor cell lines is time-consuming and often 
unsuccessful. Following administration, allogeneic tumor 
cells that share an HLA class I allele may in vivo either 
directly present shared immunodominant tumor peptides to 
class-l-restricted CTLs or first be degraded and processed by 
professional APCs (Fig. 2A and Fig. 2B). These APCs will 
process and select the appropriate epitopes, which will enter 
the class II or even the class I route to stimulate the patient's 
CD4* or CD8 + T cells. 

xv-.,.;.,.^,: ,•.,■> : : , : We have initiated a 

clinical study in metastatic 
melanoma patients to 
evaluate the toxicity and 
antitumor efficacy of 
weekly s.c. injections of 
IL-2-secreting, allogeneic 
melanoma cells that share 
one or more HLA class I 
alleles with the patient 
[127]. We have observed 
inflammatory reactions and regression of distant metastases, 
and, in some cases, significant increases in antimelanoma 
CTLs frequencies. There are now several ongoing human 
gene therapy trials employing a similar approach with tumor 
cells engineered to express costimulatory molecules or secrete 
cytokines for the treatment of patients with cancer [ 1 28, 1 29]. 
In one study, a limited antitumor T cell response was found 
following vaccination [130]. Now that the feasibility of these 
strategies has been demonstrated, they should be applied in 
the adjuvant setting in high-risk patients because the approach 
of gene-modified tumor cell vaccines will only be successful 
when minimal tumor burden exists. 

Peptide-Based Cancer Vaccines 

The advantages of synthetic peptides are that the prepa- 
rations show chemical consistency from batch to batch and 
that immunological monitoring of defined T cell epitope is 
easier. Another advantage is the relatively simple and inex- 
pensive production of large quantities and the possibilities 
of constructing multi-epitope vaccines by combining CTL 
epitopes derived from different tumor antigens. 

A disadvantage of peptide vaccines is the restriction of 
each peptide to one HLA molecule [131]. For a peptide- 
based vaccine to be widely applicable, it will be necessary to 
identify multiple peptide epitopes that are presented by all 
the major MHC class alleles. Persistence of peptide antigen 
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in vivo will be limited by clearance and degradation. The 
presence of serum peptidases may alter the antigenicity of 
peptides or rapidly inactivate peptides. To raise the 
immunogenicity, peptides can be injected with adjuvants, 
in liposomes, or by direct attachment of lipids [132]. 
Immunization with DCs, the most powerful professional 
A PCs that are able to prime naive CTLs in vitro and in 
vivo, may represent a cancer vaccine that is superior over 
a vaccine containing peptide alone [133-136]. 

Peptide-based vaccine therapies in melanoma patients 
have recently been initiated in a few centers in Europe and 
the U.S. Marchand et at. [137] reported significant tumor 
regressions (including one complete remission) in 3 out of 
12 HLA-A1 -positive tumor-bearing melanoma patients 
who were immunized with s.c. injections of the synthetic 
HLA-A I -binding MAGE-3 peptide. These results are 
remarkable, as the peptide was injected without adjuvant, 
and tumor responses in the absence of adjuvant had not 
been anticipated. Jaeger et al f 138 1 vaccinated six HLA-A + 
metastatic melanoma patients intradermally with multiple 
CTL epitopes, i.e., peptides derived from MART-l/Melan- 
A, tyrosinase, and gplOO/Pmel 17. In addition, the influenza 
matrix peptide was administered as a control. DTH reactions 
were observed in five out of six patients. Generation of pep- 
tide-specific CTLs was documented against MART- 
l/Melan-A-derived peptide epitopes, the tyrosinase signal 



A Scheme for vaccination 

with gene-modified tumor cells 




arc tested for HLA class I expression 



Increased numbers of activated CTLs 
now target to tumor sites and destroy 
Ibetoinor cefls 




patient is vaccinated with the gene-modifled tumor ceQs 



peptide, and the influenza matrix peptide after vaccination. 
No tumor regressions were observed. 

A number of clinical studies under the guidance of 
Rosenberg employing synthetic HLA-A2-binding peptides 
derived from the melanoma differentiation antigens 
MART-l/Melan-A and gpJQO are in progress. In a phase 3 
study, 28 melanoma patients were immunized with escalat- 
ing doses of the immunodominant gpIOO nonapeptides 
gplOOaaL^tfti, gp^on, and gpI00 M28 o-289, administered s.c. 
in incomplete Freund's adjuvant [139]. Administration of 
more than two immunizations with the gplOOa^ii? and gp 
lOO^^xy peptides appeared to further enhance the patient's 
immune reactivity against the 209 and 280 epitopes. No 
154 peptide-specific activity could be demonstrated in the 
patients immunized with gpl00 aa | 54 ., 6 2. Because the immun- 
odominant gpIOO peptides have relatively low binding 
affinity to HLA-A2, peptides modified at the HLA-A2- 
binding anchor positions, but not at T cell receptor (TCR) 
contact residues, were selected based on MHC binding 
affinity [140]. Two of these peptides, one containing an 
amino acid substitution at position 2 of gpl OO^t^^, and 
one containing an amino acid substitution at position 9 of 
gp lOO^scwg* are high-affinity binding peptides and seem 
to be more immunogenic than the native epitopes. 
A clinical study with these modified high-affinity binding 
peptides is now in progress. 



J$ Immunological events following 

vaccination with gene-modified tumor ceils 




Tumor cell vaccine, consisting of gent modified tumor ceils, are themselves able to stimulate 
HLA ctass I-restricled cytotoxic T cells at the site of vaccination 

^ HLA class I plus tumor peptide; -^w tumor antigen 



Figure 2. 
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. In another study, three patients with advanced metastatic 
jKjnelanoma were vaccinated with autologous cultured DCs 
^pulsed with an HLA-A1 -binding MAGE-1 nonapeptide. 
^ MAGE-1 peptide-specific CTLs were demonstrable after, but 
■"•not prior to, vaccination, and these CTLs were capable of 
lysing HLA-A1 MAGE- I -positive melanoma cells in vitro 
: [141]. No major therapeutic responses were noted, possibly 
because of the advanced stage of the disease. 

Others investigated the potential of vaccinating cancer 
patients with peptides derived from mutant ras and showed 
that vaccination of end-stage pancreatic carcinoma patients 
with mutant ras peptide-pulsed APCs from peripheral blood 
resulted in a transient ras-specific proliferative T cell 
response in some of these patients [142, 143]. 

Protein Vaccines 

Several lines of evidence may support the delivery of 
entire proteins rather than the use of a pepttde-based vaccine. 
Use of a peptide vaccine is limited to single epitopes. The use 
: : of whole protein vaccines may be advantageous over peptide 
vaccines in that it provides a wider range of multiple MHC 
class I (and class II) epitopes, several T cell epitopes binding 
a single MHC allele, and also several T cell epitopes binding 
to different MHC class I alleles. Therefore, whole proteins 
may provide T cell epitopes that have not been identified in 
the context of other common HLA alleles. 

B cell malignancies are unique in that they express abundant 
tumor-specific cell-surface antigen (immunoglobulin) which is 
not shed from the neoplastic cells. As these malignancies are 
monoclonal, all the cells of a given tumor express identical 
immunoglobulin receptors, making them a suitable tumor-spe- 
cific target for immunotherapy. However, each lymphoma has a 
unique idiotypic immunoglobulin, and anti-idiotypic strategies 
must therefore be tailored to individual patients. 

A clinical trial was initiated to evaluate the efficacy of 
tumor-specific idiotype protein-pulsed autologous DCs in the 
treatment of B cell lymphoma [144]. Tumor biopsies were 
obtained from patients with B cell lymphoma, and the 
immunoglobulin (idiotype protein) produced by each tumor 
was obtained by cell fusion techniques. DCs were isolated 
from the peripheral blood of patients with lymphoma by 
leukapheresis and density-gradient centrifugation. Four 
patients with follicular B cell lymphoma received a series of 
three or four infiisions of antigen-pulsed DCs followed by s.c, 
injections of soluble antigen two weeks later. All patients 
developed measurable antitumor cellular immune responses. 
In addition, three of the four patients experienced clinical 
remissions of the disease (two complete remissions and one 
partial remission). This study has demonstrated the ability of 
antigen-pulsed DCs to stimulate clinically relevant immune 
responses in humans. 



Recombinant Viral Vectors 

In contrast with tumor cells that are often poorly 
immunogenic, viruses or viral extracts can elicit a strong 
specific and lifelong immunity. In animal models, it has 
been shown that model tumor antigens presented by viruses 
are highly immunogenic, whereas the same model antigen 
presented by tumor cells is not [145]. Several viruses, 
including recombinant vaccinia virus, fowlpox virus, and 
adenovirus encoding model tumor antigens, have been 
shown to express antigens within the cytoplasm of infected 
cells, resulting in the induction of murine immunity. 
However, immunization with live attenuated or recombi- 
nant viruses may also pose safety problems due to their 
infectious nature. Furthermore, the delivery of whole 'genes 
encoding tumor antigens that are involved in carcinogenesis 
may lead to malignant transformation of recombinant-virus- 
infected cells. For instance, viral vector vaccines containing 
the functional HPV E6 and E7 oncogenes, mutated oncogenes, 
aberrant fusion proteins, or tumor antigens (such as MAGE, 
GAGE, and BAGE, whose functions are still unknown), 
should be considered unsafe. By introducing only the CTL 
epitopes derived from such tumor antigens into viral vectors, 
T cell immunity may be induced without introducing poten- 
tial hazards. Nonviral delivery systems are also being devel- 
oped as an alternative to current delivery strategies employing 
viral-mediated gene therapy approaches. 

Recombinant viral vectors can now be constructed in 
such a way that the presentation^ the antigens to the T 
cells is optimized. For instance, recombinant viruses 
were constructed containing minigenes encoding anti- 
genic peptides with an amino-terminal endoplasmic retic- 
ulum insertion sequence (circumventing requirements for 
proteolysis and transport) and were shown to greatly 
enhance the CD8 + CTL immune response [146-148]. 
Furthermore, vaccinia viruses carrying string-of-beads 
constructs containing the genetic code for multiple CTL 
epitopes are constructed, and each epitope within the 
polyepitope protein has been shown to be processed and 
presented for CTL-mediated lysis. Such polyepitope CTL 
vaccines have been shown to be effective in eliciting the 
desired immune response [149-151]. In addition, molecu- 
lar technology now enables us to construct viral vectors 
that allow specific targeting of an antigen to the endoso- 
mal and lysosomal compartments, resulting in enhanced 
presentation via the MHC class II pathway and subse- 
quent recognition of the target antigen by CD4 + T cells 
[152, 153]. Moreover, viral vectors can be constructed 
which encode not only the tumor antigen of interest but 
also for cytokines or other costimulatory molecules that 
can facilitate the activation of a powerful cellular 
immune response [154-157 J.- 
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In one of the first clinical vaccination studies against a 
(self) tumor antigen employing a vaccinia viral construct 
containing the carcinoembryonic antigen, Tsang et ai [102] 
were able to show that tolerance can be broken by vaccina- 
tion. CTL responses to a specific CEA epitope were induced 
and the CTLs were able to lyse tumor cells expressing CEA. 
In this study, in spite of the enhanced imrnunoreactivily, no 
clinical benefit was obtained, possibly because of the 
advanced stage of the disease in the patients. A trial using the 
same recombinant vaccinia-CEA vector is now performed in 
gastrointestinal cancer patients with minimal disease. 

Recently, Borysiewicz et ai [158] reported a first clinical 
trial in late-stage cervical cancer patients in which patients 
were immunized by dermal scarification with a recombinant 
vaccinia viral construct encoding modified HPV 1 6 and i 8 E6 
and E7 protein sequences. All patients mounted an antivac- 
cinia antibody response. Three of eight patients developed 
an HPV-specific antibody response. HPV-specific cytotoxic 
T lymphocytes were detected in one of three evaluable patients. 

DNA Vaccination 

DNA delivering 
methods have been 
shown in animals to be 
efficient enough to raise 
immune responses [159- 
164]. With naked DNA 
vaccines, the host cell 
manufactures the protein 
and CTL epitope. 
Plasmids are easy to 
manipulate and can accommodate large sequences of 
foreign DNA. They can be produced at a high level of 
purity and are associated with low immunogenicity. DNA- 
based vaccinations with naked DNA encoding tumor anti- 
gen may supersede the more complex technology of other 
gene therapy protocols. 

The gene gun gene delivery system [165-167] is an effec- 
tive means of introducing antigen-encoding expression vec- 
tors into the epidermis. The immunization of the skin results 
in temporal presence of DNA and expression of antigen, but 
elicits humoral and cellular immune responses and protective 
immunity. The skin is rich in DCs and ballistic cutaneous 
genetic immunization may result in in vivo transfection of 
skin-derived DCs. Endogenously synthesized antigen can 
access the MHC class-I-restricted pathway of transfected 
DCs. Following migration to regional lymphoid organs, the 
DCs can present the tumor antigen to T cells with appropriate 
costimulatory signals for T cell activation. 

DNA immunization can produce long-term humoral and 
cellular immune responses qualitatively similar to that of live 




attenuated vaccines [161-164]. Priming of MHC claxs-J- 
restricted CD8 + T cells may require ingestion, processing, 
and presentation of peptides derived from the expressed pro- 
tein on MHC class I molecules by host APCs (cross-priming) 
in vivo [168-170]. 

Although treatment of B cell lymphoma patients with anti- 
idiotype antibody has been demonstrated to be successful 
1 171], analysis of lymphoma cells at the time of relapse 
pointed to somatic mutation in the idiotypic V genes (idiotypic 
escape) as an important mechanism by which the neoplastic 
clones survive exposure to an anti-idiotypic monoclonal anti- 
body. Importantly, loss of surface immunoglobulin does not 
appear to occur. A phase I trial has been initiated to test the 
safety of the genetic approach to personalized idiotypic vacci- 
nation with DNA encoding the idiotypic V gene [172]. 
Variable region gene sequences coding for the lymphoma idio- 
type were isolated directly from biopsy material by poly- 
merase chain reaction (PCR) amplification, cloning, and DNA 
sequence analysis of the cloned PCR product. 

Another approach is to enhance the antitumor immune 
response by in vivo injec- 
tion of a foreign HLA 
class I gene, i.e., HLA B7. 
by DNA liposome com- 
plexes directly into tumor 
deposits. Nabei and co- 
workers showed that the 
introduction of HLA-B7 
DNA into cutaneous 
melanoma metastases by 
direct injection brought 
about a 10%-15% transduction of the tumor cells [173]. The 
HLA-B7 protein expression could be demonstrated to be 
expressed in the tumor cells near the site of injection. No 
systemic toxicity was observed, and regression of a distant 
lung metastasis in one of the five reported patients suggests 
that allogeneic effects may indeed enhance antitumor 
immune response. In a more recent update on 10 patients, 
Nabel et al [174] reported that in most patients HLA-B7 
gene transfer did not markedly alter the frequency of circu- 
lating tumor-specific CTL in peripheral blood, whereas T 
cell migration into treated lesions was enhanced in the 
majority of patients, and tumor-infiltrating frequency of 
lymphocyte reactivity was enhanced in the two patients 
studied. In one patient, subsequent treatment with tumor- 
infiltrating lymphocytes derived from gene-modified tumor 
resulted in a complete regression of the residual disease. 
These data suggest that immunological monitoring of lym- 
phocytes from the peripheral blood compartment does not 
provide accurate information and, instead, T cells from 
metastatic sites should be followed. 
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Guidelines to Clinical Applications of Cancer 
Vaccines 

Melanoma serves as a paradigm for tumor immunology, 
; and cancer vaccine trials will initially focus on melanoma. 
* Various CTL epitopes and the encoding tumor antigens have 
been identified in melanoma, enabling the clinician to 
explore several strategies, as outlined in Table 3. Clinical tri : 
als will have to demonstrate whether a single strategy will 
prove to be superior. In animal studies, immunotherapeutic 
approaches are more likely to be successful when the tumor 
load is relatively small. Based on this fact, it may be impor- 
tant to select patients with small tumor burden, for instance, 
high-risk patients following excision of a thick primary 
melanoma or following regional lymph node dissection 
(AJCC stage IIB and III melanoma patients). The disadvan- 
tage of such adjuvant studies may be the long period of time 
and large numbers of patients required to demonstrate the 
efficacy of the approach. For this reason, ability to monitor 
effective immune responses becomes even more critical. It 
may be useful to determine before entry to the study whether 
the patient's cellular immunity is able to react to known anti- 
gens by performing a simple delayed hypersensitivity test to 
recall antigens. 

In order to enable an effective T cell-mediated antitumor 
response to be mounted in the patient, tumor cell surface 



Whole tumor cell vaccines 
A Unmodified 

A Gene-modified with genes encoding cytokines, costimulatory 
molecules or other genes to enhance the immune response 

Peptides (single or multivalent peptide vaccine) 

A Alone 

A With adjuvants 

A Linked to lipids, liposomes 

A Pulsed onto APCs 

Proteins 

A Alone 
A With adjuvants 
A Linked to lipids 
A Pulsed onto APCs 

DNA-encoding tumor antigens 

A Gene gun for intradermal injection 
A Intramuscular injection 
A Linked to lipids 

A APCs transduced with DNA-encoding tumor antigens or 

a minigene containing multiple CTL epitopes 
A Recombinant viruses encoding tumor antigens 
A Recombinant viruses encoding tumor antigens plus genes 
encoding cytokines, costimulatory molecules, or other 
genes to enhance the immune response 



expression of MHC class 1 molecules that are able to present 
tumor peptides is a prerequisite. Thus, MHC class I expression 
of patients' tumor cells has to be determined (Table 4). 

The choice of tumor antigen to be administered as a vac- 
cine, whether formulated as peptide, protein, gene, or mini- 
gene, has to be based on the tumor antigen expression in the 
patient's tumor cells. The frequent expression in melanoma 
of differentiation antigens and shared tumor antigens enables 
the use of tumor antigen-based vaccines. The infrequently 
expressed unique antigens that arise from point mutations 
provide candidate vaccines for individual patients. However, 
they require identification in individual patients and are 
therefore less attractive candidates for clinical trials. 

All melanoma patients are candidates for vaccina- 
tion with either gene-modified, whole-tumor cell vac- 
cines, tumor protein vaccines, or vaccines consisting of 
DNA encoding the tumor antigen. In HLA-typed HLA- 
A2 or HLA-A1 melanoma patients, various peptide- 
based strategies are possible (Tables 1 and 4). The 
existence of multiple HLA-A2-binding epitopes in 
gplOO, MART-l/Melan-A, and tyrosinase, and of HLA- 
A2-binding peptide derived from MAGE-3, enables the 
use of multivalent peptide vaccines in HLA-A2-positive 
melanoma patients. HLA-A1 positive patients are eligi- 
ble for MAGE-1 and MAGE-3 binding peptide-based 
vaccines. 

Until now, only a few CTL epitopes (mainly HLA- 
A2-binding peptides) derived from various tumor anti- 
gens have been identified. Because HLA-A2 molecules 
are expressed in 40% to 50% of Caucasians, HLA-A2- 
binding peptides may have therapeutic potential in a 
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Prestudy screening 
A Stage of the disease and performance status 
A DTH test to recall antigens 

A Establish tumor phenotype 

• MHC class I and II 

• Tumor antigen expression (RT-PCR) 

A HLA typing (HLA-A2 or -AI for known HLA-A2 and 
-A 1 -binding peptides) 

A Obtain peripheral blood lymphocytes (buffy coat or 
leukapheresis) 

Monitoring immunological response 

A DTH testing of peptide(s) or tumor cells used 

A Antitumor or pepude-specific CTL precursor frequency 
analysis in peripheral blood lymphocytes or TILs 

A Determination of CTL responses in bulk cultures or at the 
clonal level in peripheral blood lymphocytes or TILs 

A TCR expression in peripheral blood lymphocytes or TILs 
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significant number of cancer patients. However, the 
arsenal of peptides may be extended to other new epi- 
topes. Based on predicted HLA class-I-binding motifs 
that were first described for HLA-A2 and now for HLA- 
Al, -A3, -All, -A24, and -B7, as well as other alleles 
[23, 24, 131, 175], we are now able to predict which 
peptides derived from a protein with known amino acid 
sequence will bind to certain class I alleles. It is thus 
possible to have such predicted peptides synthetically 
synthesized and to test for binding to the appropriate 
class I molecule. Such peptides could then be tested for 
immunogenicity in vitro or in HLA transgenic animal 
models, and also used in vaccine programs. The identi- 
fication of a set of tumor-specific peptides that can bind 
to the previously mentioned HLA alleles enables us to 
develop peptide vaccines that are applicable in the 
majority of the human population. Another approach is 
to elute MHC class I-binding tumor peptides that will 
contain as yet unidentified tumor peptides from tumor 
cells and pulse these peptides onto autologous or MHC 
class-I-matched allogeneic, APCs. This approach 
clearly depends on the availability of sufficient, appro- 
priate tumor material and can be applied to cancer 
patients regardless of the MHC class I phenotype. 

Similar vaccination strategies may be applied in var- 
ious other types of malignancies. For instance, vaccina- 
tion with HER-2/neu derived peptides, alone, with 
adjuvant, or pulsed onto APCs, may be considered in 
HLA-A2 positive breast, ovarian, or lung cancer 
patients with minimal residual disease. Other attractive 
candidates for vaccination are HLA-A2-binding pep- 
tides derived from HPV E6 and E7 in cervical cancer 
patients. 

Although the recognition of peptide class I complexes 
is sufficient to trigger target cell lysis, priming of CTL 
responses requires the presentation of the relevant anti- 
gen by professional APCs capable of providing costimu- 
lation. At present, vaccination of cancer patients with 
peptides or tumor proteins loaded onto DCs seems to be 
one of the most promising approaches. In the past, the use 
of DCs has been limited by the difficulty of obtaining 
large numbers of these APCs. Now, DCs can be routinely 
prepared from peripheral blood leukapheresis samples or 
buffy coats that are cultured with GM-CSF plus IL-4 
[176]. After a few days of culturing with cytokines, DCs 
can be pulsed or otherwise manipulated in vitro before 
administration to the patient. 

The immunological monitoring of cancer patients 
will be critical for understanding the nature of the 
immune responses to vaccination. At present, it remains 
to be established which of the existing assays is the 
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most accurate in vitro correlate of clinical response. 
Immunological monitoring assays may include CTL 
precursor frequency assays, CTL cloning procedures, 
and TCR analysis on peripheral blood lymphocytes as 
well as on TILs. Overexpression of TCR may be associ- 
ated with clonal expansion, of antigen-specific T cells 
and a beneficial immune response to therapy. Analysis 
of such TILs may be more informative than analysis of 
circulating blood lymphocytes [174, 177]. 

Conclusions 

Using past experiences, there are now many possi- 
bilities for constructing new-generation vaccines which 
are more rational in the specificity of their composition. 
Progress in molecular genetics enables us to explore the 
potential of genetically modified tumor cell vaccines, 
tumor peptide, protein, or DNA-based tumor antigen 
vaccines in cancer patients. The value of DCs needs to 
be established, and new adjuvants need to be explored. 
Major hurdles for vaccination remain the heterogeneity 
and variability of human cancer, and the immune escape 
mechanisms of cancer cells. Decisions regarding type of 
vaccination strategy should include assessment of tumor 
antigen and HLA class I expression in the individual 
patient's tumor. 

Results from animal studies and human trials of var- 
ious vaccine types indicate that active immunization 
against a patient's preexisting tumor is likely to be 
effective only when the tumor load is small. 
Unfortunately, the vast majority of clinical trials has 
been in patients where the cancer is widespread. Once it 
has been shown that a new protocol is feasible, patients 
who are at high risk to develop metastases but who still 
have minimal residual disease should be selected for 
vaccination strategies. Immunological monitoring of 
clinical vaccination trials is critical to our understanding 
of the complex events that happen in vivo following 
administration of a vaccine. Therefore, efforts should be 
made to further develop reliable assays for efficient 
monitoring of the state of immunization of cancer 
patients against tumor antigens. 

Instead of whole tumor cells, synthetic peptides 
whose sequences correspond to epitopes of tumor anti- 
gens recognized by T lymphocytes can be used as pro- 
phylactic vaccines to prevent tumor occurrence in 
patients at high risk of developing melanoma or as a 
therapeutic vaccine in patients with metastatic disease. 

The admittedly modest successes thus far obtained 
with vaccine trials in patients nevertheless offer grounds 
for optimism that important progress in immunotherapy of 
cancer will be made. 
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#3260 Tuesday. April 23, 1996. 1:00-5:00. Poster Section 9 

Human metanoma cells can express two plasmid vectors within the same cell 
following particle-mediated gene transfer. Albertini. M.R.. 1 Emler. C.A.. : Schell, 
K., 1 Sheehy, M.J. 2 'University of Wisconsin Comprehensive Cancer Center. Madison, 
Wl 53792 and 2 Agracetus, Inc., Middleton, Wl 53562. USA. 

T-cell activation requires T-cell recognition of the stimulating antigenic peptide 
bound to major histocompatibility complex (MHO molecules and the delivery of a 
second co-stimulatory signal by the antigen -presenting cell to the T-cell. The purpose of 
this study was to determine if human melanoma cells could be molecularly modified by 
panicle -mediated gene transfer to augment expression of both HLA molecules and the 
B7-I co- stimulatory molecule (CD80) within the same cell. Established and early 
passage melanoma cells transfected with human IFN-y cDNA produced IFN-y (50 to 
5000 pg/ml) and had an up-regulation. or de novo appearance, of HLA expression. 
Following combination gene transfer with cDNAs for both IFN-yand B7-1. 9Cc to 33% 
of these cells had de novo expression of both HLA-DR and B7-1. In combination gene 
transfer experiments with cDNAs for both HLA-A2 and B7-I. de novo expression of 
both HLA-A2 and B7- 1 was achieved in 10% to 1 7%. Treatment of the melanoma cells 
with aphidicolin prior to gene transfer could increase the expression of the transfected 
genes, and the role of cell cycle position in this enhanced expression is being evaluated. 
These findings facilitate the evaluation of distinct molecular modifications to stimulate 
T-cell immunity to human melanoma. 
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T9 glioblastoma cells transduced with the rat lnterleukin-4 cDNA can elicit an 
effective intracranial anti-tumor response resulting in long-term glioma immunity. 

Graf. M.R. 1 . Granger. S.W. 1 . Hiserodt. J.C. 2 and Granger. G.'. Departments of Molec- 
ular Biology and Biochemistry* and Pathology 2 , University of California, Irvine, CA 
Murine tumor cells genetically engineered to secrete murine Interteukin <IL)-4 can 
induce a systemic host immune response when implanted subcutaneously (s.c. ) and may 
lead to the establishment of specific tumor immunity. However, because of the lack of 
an in vivo murine glioma model and the species specificity of the IL-4 molecule, the use 
of IL-4 secreting glioma cells to elicit an intracranial (i.e.) immune response in 
syngeneic animals has not been investigated. In the presented study, we transduced 
Fischer rat T9 glioblastoma cells with a retroviral expression vector containing the rat 
IL-4 cDNA gene and investigated the ability of these cells to elicit an anti-tumor 
response in syngeneic rats. Transduced clones were isolated and screened for the 
expression of the rat IL-4 gene by Northern blot analysis. Clone T9/IL4.B produced the 
highest level of rat IL-4 mRNA. Furthermore, conditioned media from T9/IL4.B ceils 
upregulated MHC class II expression on rat B-cells. Clone T9/IL4.B did not differ from 
parental and vector control T9 cells in in vitro growth rate or expression of MHC class 
I. class II and ICAM-1 surface antigens. In vivo. lethaJ gliomas developed from i.e. 
implantation of 10 5 T9 parental or vector control cells in all animals. In contrast, 47% 
(7/15) of the animals injected i.e. with 10 5 T9/IL4.B cells survived (p = 0.0004). 
However, pathological analysis revealed that 5 of the 8 animals from the T9/IL4.B 
group that died had no detectable tumor. Survivors were completely resistant to 
subsequent i.e. challenges with parental T9 cells. In previous studies, we demonstrated 
that IL-2 or tumor necrosis factor-a secretion from T9 cells does not alter the lethality 
of i.e. T9 gliomas. These findings suggest that IL-4 secretion by gliomas may have 
therapeutic value for the treatment of intracranial tumors. 
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Characterization of a sustained release delivery system for combined cytokine/ 
peptide based vaccination using a fully-acetylated poly-N-acetyl glucosamine ma- 
trix. Cole DJ*. Gattoni-Celli S. McClay EF. Nabavi N. Warner SN. Newton D. 
Woolhiser C. Wilson M*. Voumakis J. MUSC. Dept. of Surgery* and Hollings Cancer 
Center. Charleston SC. 

Identification of tumor associated antigens (TAA), and their class I MHC restricted 
epitopes, now allows for the rational design of peptide-based cancer vaccines. The goal 
of this study was to characterize in vitro a GM-CSF/MART-l peptide based vaccine 
utilizing a fully-acetylated poly-N-acetyl glucosamine (p-GlcN'Ac) matrix for sustained 
release. P-GlcNAc is a highly purified chitin-based polymer degraded enzymatically by 
macrophages within 14-21 days, which has passed FDA biocompatibility testing. 
GM-CSF (200 ug) was dissolved into p-GlcNAc polymer prior to lyophyiization. 
MART- 1(27-35) peptide (256 ug in DMSO) was solubilized into post-lyophylization 
porous matrix. Peptide release was assayed in vitro using previously characterized class 
I MHC restricted Jurkat T-cells (JRT22) expressing MART-K27-35) specific T-cell 
receptor. GM-CSF release was assayed via proliferation of M-07E GM-CSF dependent 
cells. Biologically active MART- 1(27-35) peptide presented by T2 cells recognized by 
JRT22 was released for up to 6 days (>50 ng/ml). Similarly, greater than 1 ug/ml 
GM-CSF was released over the same period. The mode of administration is a critical 
component in the design of peptide-based vaccines. A biocompatible system capable of 
sustained release of biologically relevant levels of cytokine and TAA peptide potentially 
provides a more effective microenvironment for antigen presentation. This study dem- 
onstrates the sustained release of GM-CSF and MART- 1(27-35) peptide from P- 
GlcNAc matrix, providing the basis for future clinical trials. 
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Use of multiple vaccination vectors for the generation of CTL against a model 
tumor antigen. RS Chamberlain. KR Irvine, SA Rosenberg, and NP Restifo Surgery 
Branch. NCI. NIH. Bethesda. MD 

The identification of tumor associated antigens (TAA) has led to the development of 
multiple novel vaccination vectors. We sought to compare boosting immunization 
regimens using either the same vaccination vector (homologous), or different vectors 
(heterologous). Utilizing a /3-galactosidase (0-gal) tumor model system. BALB/c mice 
were immunized initially with either 1) no immunogen. 2) an H-2 L d 0-gal peptide 
emulsified in IFA (s.c). 3) whole 0-gal protein (s.c>. 4) gene gun immunization with 
a plasmid encoding the 0-gal gene (pCMV/^-gal). 5) recombinant vaccinia virus (rVV) 
or 6) recombinant fowlpox virus (rFPV) both encoding the gene for /3-gal (i.v.). Twenty 
one days later, mice received a boosting immunization to encompass heterologous and 
homologous possibilities. Spleens were harvested 4, 6 and 8 days after immunization, 
and a primary CTL assay was performed. An in vivo primary CTL response against a 
0-gal expressing tumor was elicited by day 4 in only the following groups (50:1 E:T 
lysis data shown): 0-gaJ DNA boosted with either rVV (31Tc) or rFPV (64%), 0-gaI 
protein boosted with rVV (48%) or rFPV (65%), rVV boosted with rFPV (35%), and 
rFPV boosted with rVV (67%). No in vivo primary CTL was seen with any combination 
of homologous boosting. Antibody responses were enhanced in all cases in which whole 
protein was used. Vaccine strategies utilizing heterologous boosting, but not homolo- 
gous boosting, elicited an in vivo primary CTL response. These data suggest that 
heterologous boosting strategies may have more therapeutic potential for the develop- 
ment of future cancer vaccines. 
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Interleukin-10 enhancement of recombinant viral vaccines in the treatment of a 
murine tumor. HL Kaufman. J Rao, V Bronte. SA Rosenberg, and NP Restifo Surgery- 
Branch. NCI. NIH, Bethesda, MD 

Interleukin-10 (IL-10). an 18 kD cytokine produced by T H 2 cells, inhibits cell- 
mediated inflammation. This cytokine was shown to significantly augment both the 
reduction in three day old pulmonary metastases and improve survival when adminis- 
tered following a recombinant vaccinia virus encoding the model antigen, /3-galactosi- 
dase (j3-gal) in mice bearing the )3-gal expressing tumor line. CT26.CL25. 

The potential mechanisms of IL-10 enhancement of vaccinia immunotherapy were 
examined. No direct in vitro anti-tumor activity of IL-10 was seen in a 3 H-thymidine 
proliferation assay. Active treatment utilizing the non-replicating fowlpox virus ex- 
pressing )3-gal followed by IL10 administration yielded similar results to the vaccinia 
virus, indicating that the primary function of IL-10 was not to enhance viral replication, 
thus prolonging exposure to antigen. IL-10 resulted in decreased virai titers in ovarian 
tissue after vaccinia infection, suggesting an enhanced immune response against the 
recombinant virus as well. This effect was not due to a humoral response, as antibody 
titers did not rise until after viral titers had become negligible. While the exact 
mechanism of IL-10 augmentation of recombinant viral immunogens remains unclear, 
the adjuvant effect of IL-10 may be useful in clinical trials using immunization with 
recombinant viruses expressing human tumor antigens. 
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Evaluation of viral promoters for use in pox virus-based anti-cancer vaccines. 

V. Bronte. M.W. Carroll* 1 . M. Wang. T.J. Goletz*. B. Moss 1 . S.A. Rosenberg, and 
N.P. Restifo . Surgery Branch, and Metabolism Branch*. NCI, Laboratory of Viral 
Diseases, MAID*. NIH. Bethesda. MD. 

Clinical protocols are being developed using recombinant poxviruses expressing 
tumor associated antigens (TAA). The optimal promoters for use in these viruses needs 
to be elucidated. Poxvirus promoters operating before, or after viral DNA replication are 
designated early and late promoters, respectively. The most powerful late promoters 
express 20-50 fold more protein than early promoters. To evaluate the influence of 
timing and quantity of TAA production on the immune response against the TAA. we 
used a panel of 12 recombinant vaccinia viruses (rVV) expressing a model TAA. 
0-galactosidase (0-gal). under the control of various vaccinia promoters. rVV contain- 
ing the j3-gal gene driven by either early or late promoters could prime mice for a CTL 
response resulting in specific protective immunity against a subsequent challenge with 
a )3- gal -positive tumor (prolongation of mean survival time \ m.s.t. ) of 2.86 and 2.76 fold 
for early and late promoters, respectively). However, only the combination of IL-2 and 
rVV in which strong early promoters were used significantly extended the survival in 
mice bearing pulmonary metastases (m.s.t. in mice treated with the strongest early rVV 
was 2.2 fold greater than the control compared to only 1.4 for the best late promoter, p 
< 0.05). Dendritic cells and macrophages, professional APC involved in stimulation of 
naive T lymphocytes, expressed 0-gal only under the control of early promoters 
suggesting that the successful application of rVV in the active immunotherapy of cancer 
may require the use of early promoters, able to drive the production of the TAA in 
infected dendritic cells and macrophages. 
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Immunization of melanoma patients with melanoma cell vaccine induces anti- 
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Wayne Cancer Institute. Saint Johns Hospital Santa Monica, CA. 
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Increased spontaneous mutation rates and 
prevalence of karyotype abnormalities in 
highly metastatic human melanoma cell lines 



M. Bailly,* S. Bertrand and J.-F. Dor6 

INSERM U 218, Centre L6on B6rard, 28 rue Laennec, 
69373 Lyon CSdex 08, France. Fax: ( + 33) 78 74 83 90. 



Previous studies have suggested that increased malig- 
nant potential might be related to increased genomic 
instability, but this Issue still remains controversial. We 
tested this hypothesis In a human tumour spontaneous 
metastasis model, using six clones and variants isolated 
from the parental poorly metastatic WUBe melanoma cell 
line, and expressing various metastatic abilities. The 
spontaneous rates of mutation to ouabain resistance 
measured in these cells by Lurla and DelbrUck fluctua- 
tion analysis correlated with the metastatic ability of the 
cells: moderately and highly metastatic cells showed 
spontaneous mutation rates 10 to 50 times higher than 
those of poorly metastatic cells. Genomic instability at 
the chromosome level was assessed by searching for 
accumulated structural abnormalities In the moderately 
and highly metastatic cell lines. All the cell lines ap- 
peared hypertrlplold, and showed comparable modal 
numbers and great chromosome dispersion. Unstable 
DNA amplification in the form of double minute chromo- 
somes was shown In one of the four poorly metastatic 
cell lines, and In a significantly higher proportion of the 
cells of two of the three metastatic cell lines. Abnormal 
chromosomes were demonstrated in all cell lines, with 
markers Involving specific rearrangements of chromo- 
somes 1, 6, 7, 8, 9, 11, 14 and 15, as frequently observed 
In human melanoma cells. Clonal markers were present 
in all cell lines, documenting the common origin of all 
variants and clones, and specific marker amplification 
was noticed In highly metastatic cells compared to poorly 
metastatic lines. These results suggest that human 
tumour progression might be accompanied both by an 
increase In genomic Instability and by accumulation of 
karyotype abnormalities. 

Key words: Genetic instability, human melanoma, meta- 
stasis, progression. 
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Introduction 

Tumour cell progression, especially in terms of invasive 
and metastatic phenotypes, is a major impediment to 
successful treatment of disease. The acquisition by 
neoplastic cells of the capacity to invade locally and to 
metastasize remains one of the fundamental definitions 
of malignancy. Since the concept of in vivo neoplastic 
progression was first introduced by Foulds in 1957, 1 and 
strengthened by Nowell in 1976, 2 several lines of 
evidence have supported the hypothesis that an 
increasing incidence of genetic alterations generated by 
random somatic mutational events is responsible for the 
heterogeneity and progression of tumour cells to 
increasingly malignant and less responsive states. 3- * It is 
well established that advanced cancers in general show 
more extensive chromosomal aberrations than do early 
stage tumours. 7 " 11 Nowell postulated that clonal 
evolution of tumour cell populations might result from 
enhanced genetic instability, which would increase the 
probability of occurrence of further genetic alterations 
and their subsequent selection. 2,3 The possible interpreta- 
tion of such a hypothesis predicts that tumour cells that 
progress to advanced malignancy would not only show 
accumulated genomic* abnormalities but would also 
express increased rates of genomic change. 2,12 

Fluctuation analysis, first described in 1943 by Luria 
and Delbnick to evaluate .spontaneous bacterial re- 
sistance to virus infection, 13 although suffering from 
known limitations, 1 ^ 16 is a useful technique for analysing 
aspects of the genomic instability of prokaryotic and 
eukaryotic cells. 13,17-22 This analysis is based on the 
following observation: when cells are distributed from 
a large stock culture into dishes containing a selective 
agent, there is little variation in the number of mutant 
colonies isolated from each dish. However, when a series 
of parallel subclonal cultures is grown up from the stock 
culture (either from small inocula or ideally from single 
cells) and transferred to the dishes containing the 
selective agent, there is substantial variation in the 
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number of colonies in different dishes, The extent of this 
variation provides a means of measuring the genomic 
instability of the cells. The first attempts to measure and 
compare the mutation rates of normal cells versus 
malignant cells or the mutation rates of cells at different 
stages of tumour progression were performed about 10 
years ago. 12,15 * 23 " 25 Since then, a large body of work has 
been reported which, unfortunately, provided no general 
consensus for or against the existence of a direct 
relationship between mutation rates and progression to 
more advanced stages of malignancy. 17 " 22 However, most 
of these studies used murine tumour cells or human 
tumour cells in the first steps of malignant transforma- 
tion and, to the best of our knowledge, none specifically 
dealt with the measurement of mutation rates and with 
the acquisition of metastatic ability in human tumour cell 
populations. 

We recently developed in our laboratory a model to 
study spontaneous metastasis following s.c. injection of 
human tumour cells into antithymocyte immunosup- 
pressed newborn rats. 26,27 From the original melanoma 
cell line M4Be, we selected clones and variants with 
different metastatic abilities. This gave us the opportun- 
ity to study the final steps of melanoma cell progression, 
i.e. invasion and metastasis. 26 We then attempted to 
compare the inherent genetic instability of these different 
cell lines as an approach to analyse the mechanisms 
involved in their progression to the metastatic 
phenotype. This report describes the measurement of 
spontaneous mutation rates at the autosomal codominant 
Na + /K + -adenosine triphosphatase (ATPase) locus for 
four poorly metastatic, one moderately metastatic and 
two highly metastatic melanoma cell lines. Mutants were 
selected by resistance to 3 x 10~ 7 M ouabain in optimal 
conditions, as previously described. 25 A detailed karyo- 
typic analysis was also performed to search for 
accumulation of chromosomal abnormalities, arising as 
a consequence of genomic instability at the chromosome 
level. We report a good correlation between genomic 
instability, increased prevalence of specific karyotypic 
abnormalities, and the spontaneous metastatic ability of 
the seven cell lines we used in this study. 

Materials and methods 

Cell lines 

The M4Be melanoma cell line has been previously 
described. 26,27 IC8, P4, Gl and G9 are clones of this cell 
line which were obtained either by limiting dilution (IC8) 
or by cloning in semi-solid agar (P4, G9, Gl). 26 The 
7GP122 variant was selected in vivo through eight serial 
transplantations of lymph node metastases of M4Be cell 



line into immunosuppressed newborn rats. The T1P26 
variant was established in culture after two direct 
successive transplantations of M4Be tumours into 
immunosuppressed newborn rats. With the exception of 
the. T1P26 variant, the derivation of variants and clones 
from the M4Be cell line has been previously 
described. 26,28 The common origin of all these cell lines 
is attested by their karyotype and by their sharing 
common marker chromosomes with the parental cell line 
M4Be. These cell lines were routinely maintained as 
monolayer cultures in MacCoy 5A medium (Gibco, 
Paisley, Scotland) supplemented with 10% foetal calf 
serum (Integro-BV, Holland), They are regularly 
screened for Mycoplasma contamination using the 
Hoechst 33258 fluorescence staining procedure. 

Metastasis assay 

The assay for spontaneous metastatic ability was 
performed as previously described. 26 ' 27 Briefly, 10 6 cells 
in 0.1 ml phosphate buffered saline were injected s.c. into 
newborn Wistar rats "(IFFA CREDO, St-Germain-sur 
TArbresle, France) immunosuppressed with antithymo- 
cyte serum, and tumourigenicity and metastatic potential 
were recorded after 3 weeks. 



In vitro growth parameters 

Cells were seeded in replicate 60 mm tissue culture dishes 
(Falcon, Becton Dickinson Labware, UK) at a density 
of 10 5 cells/dish. Two sample dishes were treated each 
day with a solution of 0.25% trypsin-0.02% EDTA and 
the mean number of cells per dish was determined. The 
logarithmic values of the number of cells were plotted 
as a function of the time, and the doubling time and the 
saturation density were determined from the curves at 
the exponential growth and plateau phases, respectively, 
for each cell line. 



Selection of ouabaln-resistant variants 

A total of 10 6 M4Be cells was plated in 100 mm tissue 
culture dishes (Falcon, Becton Dickinson Labware, 
UK) in MacCoy 5A medium supplemented with 15% 
foetal calf serum and 3 X 10" 7 M ouabain (Fluka AG, 
Switzerland). They were allowed to grow at 37°C in a 
humidified atmosphere until colonies were clearly visible. 
Cells were then harvested using a solution of 0.25% 
trypsin-0.02% EDTA and plated in 25 cm 2 flasks 
(Corning, NY, USA) in medium supplemented with 10% 
foetal calf serum and 3 x 10~ 7 M ouabain. They were 
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cultured for two passages in this medium; then medium 
without ouabain was used for further multiplication 
before the metastasis assay was performed. These cells 
will be referred to as M4BeOua R cells. 



Cloning efficiency assay 

To determine cloning efficiencies, the cells were plated 
at 100-1000 cells/100 mm culture dish in 10 ml of cloning 
medium (MacCoy 5A medium supplemented with 15% 
foetal calf serum). After 14 days' growth, the colonies 
were counted following simultaneous fixing and staining 
with a 20% ethanot-water solution containing 1% Crystal 
Violet (w/v). Plating efficiency was calculated as: 
(number of colonies counted on day 14/number of 
cells originally plated) x 100. 

Ouabain cytotoxicity assay 

Cells were seeded at various densities from 10 2 to 10 6 
cells/dish into several concentrations of ouabain in 
cloning medium. Control cultures were seeded at 100 
cells/dish in the absence of ouabain. All cultures were 
refed after 7 and 14 days with medium containing the 
appropriate concentrations of ouabain. After 14 and 21 
days, respectively, for the control and the test dishes, the 
number of surviving colonies per dish was determined 
following fixing and staining as described above. 
Relative plating efficiency was estimated as : (% plating 
efficiency in test medium)/(% plating efficiency in control 
medium). 

Fluctuation analysis 

A fluctuation assay was developed by adapting the 
technique previously described by Elmore and Barrett. 25 
Parameters were deterrnined in preHminary experiments 
according to the method of Fu et al XA Replicate platings 
of 100-1000 cells were made into each of 24 tissue culture 
dishes (100 mm) in 10 ml cloning medium. Each culture 
was refed with fresh medium after 7 days. After 14 days, 
four randomly selected dishes were fixed and stained, and 
the average number of colonies per dish (N 0 ) was 
deterniined, At the same time, the colonies in the 
remaining dishes were redistributed by treating the cells 
for 5 min with a solution of 0.25% trypsin-0.02% EDTA. 
Fresh cloning medium was then added to the dishes, and 
they were allowed to grow. At periodic intervals 
thereafter, two dishes were trypsinized and the mean cell 
number was determined. When a final cell number of 
approximately 10 6 cells/dish was reached, six of the 
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remaining dishes were harvested and reseeded each in 10 
tissue culture dishes (100 mm) in 10 ml of selective 
cloning medium (cloning medium supplemented with 
3 x 10" 7 M ouabain), so that a total of 60 dishes was 
obtained. All dishes were refed with selective cloning 
medium on days 7 and 14, and the resultant 
ouabain-resistant colonies were fixed, stained, and 
counted after 21 days of growth. 

Estimation of spontaneous mutation rate 

The spontaneous mutation rate, a, was calculated using 
both the method of means using equation (8) of Luria 
and Delbnick: 13 

r = tfN,ln(C*N,) 

modified by Capizzi and Jameson, 29 and P 0 method, 13 

a=-ln(P 0 )/N, 

where r is the mean number of mutant colonies per 
parallel culture, N, is the final cell number at the time 
of ouabain application, C is the number of parallel 
cultures, and P 0 is the fraction of cultures without mutant 
colonies. 

Karyotype analysis 

Chromosomal analyses were performed using the 
R-banding technique, which has been previously 
described. 30 Modal numbers were determined from a 
minimum of 50 mitoses and 6-39 karyotypes were 
classified for each cell line. 

Results 

Metastatic ability and growth parameters 
of M4Be melanoma cell line and derived 
clones and variants 

The origin, tumourigenicity and metastatic ability of the 
different cells are described in Table 1, IC8, P4 and G9 
clones, like the M4Be cell line, are poorly metastatic, and 
Gl clone has a significantly higher but moderate 
metastatic potential, while 7GP122 and T1P26 are highly 
metastatic variants. Representative pulmonary samples 
recovered 3 weeks after subcutaneous injection of M4Be, 
IC8, 7GP122 and T1P26 cell lines are shown in Figure 
1. These cells 'present comparable doubling times and 
saturation densities, these parameters being not obvious- 
ly related to the metastatic ability of the cell lines (Table 
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Table 1. Tumourigenicity and metastatic potential in rats of M4Be cell tine and derived clones and variants 





Cell origin 


Tumour 


Mean tumour 


Axillary lymph 


Pulmonary 


Lung nodutes/rat 






incidence 8 


weight ± SO 


node involvement 


metastasis 












(img) 


incidence (%) b 


incidence (%) c 


Median 


Range 


M4Be 


Lymph node 
metastasis 


14/14 


524 ±515 


57 


36 


0 


0-30 


IC8 


In vitro selected 
clone 


34/34 


305 ± 413 


44 


12 


0 


0-100 


P4 


In vitro selected 
clone 


11/12 


43 ±32 


0 


8 


0 


0-5 


G9 


In vitro selected 
clone 


22/22 


70 ±93 


77 


68 


2 


0-50 


G1 


In vitro selected 
clone 


16/16 


591 ± 346 


50 


81 


17 


0->250 d 


7GP122 


In vivo selected 
variant 


27/27 


1466 ±1131 


11 


89 


100 


0->300 e 


T1P26 


In vivo selected 
variant 


21/21 


1208 ± 1033 


90 


100 


>250 


2-£>300 e 


M4BeOua R 


Ouabain-resistant 
variant 


12/12 


Unmeasurable 
trace 


0 


0 


0 


0 



•Number of animals with tumour/number injected. 
"Percentage of animais with axillary lymph node involvement. 
Percentage of animals with lung metastasis. 

'Distribution statistically different from that of M4Be (p = 0.01, Wilcoxon test). 
"Distribution statistically different from that of G1 (p < 0.01, Wilcoxon test). 




Figure 1. Representative pulmonary samples of 21-day-old immunosuppressed rats 
grafted subcutaneously with 10 6 melanoma cells on day 0; A, M4Be poorly metastatic 
cell line B, IC8 low metastatic clone; C, 7GP122 highly metastatic variant; D, T1P26 highly 
metastatic variant. 
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Table 2. Growth parameters of M4Be cell tine and 
derived clones and variants 





Doubling 
time (h) 


Saturation 

density 
(cells/cm 2 ) 


Plating 
efficiency 


M4Be 


2d 


2.2 x 10 s 


43 ±10 


IC8 


28 


1.1 x 10* 


64 ±18 


P4 


ND a 


ND 


22±3 


G9 


29 


1.3 x 10 s 


31 + 12 


G1 


16 


2.7 x 10 5 


11 ±13 


7GP122 


23 


3.0 x 10 s 


62 ±7 


T1P26 


25 


1.0 x 10 5 


21 ±19 


^ot done. 



2). The plating efficiency of the different cells in the 
absence of selective medium varied from 11 to 64%, 
again without any apparent relationship with the 
metastatic ability (Table 2). 

Ouabain cytotoxicity 

Figure 2 shows the cytotoxic effect of ouabain on M4Be 
cell line and derived clones and variants, as measured by 
the relative plating efficiency of the cells as a function of 
ouabain concentration: poorly metastatic, and moder- 
ately and highly metastatic cells are depicted on Figures 
2A and 2B respectively (the case of M4BeOua R variants 
will be discussed below). The general aspect of the 
different curves was similar for each cell line examined, 
and in all these cells, ouabain-resistant mutants appeared 
to accumulate at a concentration of about 3 X 10" 7 M 
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ouabain (plateau phase). The relative plating efficiencies 
at the plateau phase varied from one cell line to the other 
(from 10~ 7 for the G9 clone to about 2 x 10~ 6 for 
T1P26 variant), but did not appear to be directly related 
to the metastatic ability of the cell lines. Indeed, they 
were quite similar to that of M4Be parental cell line, 
except for T1P26 (Figure 2B). 

Measurement of spontaneous mutation 
rates 

The estimated ouabain mutation rates of the different cell 
lines are presented in Table 3. These mutation rates were 
comparable for the four poorly metastatic cell lines, and 
ranged from 0.44 to 2.76 x 10~ 7 and 0.21 to 3.19 x 10~ 7 
mutations/cell/generation respectively, when the mean 
method or the P 0 method were employed for calculation. 
The mean values calculated from the three estimations 
given by the two methods of calculation are 1,09 ± 
0.71 x 10~ 7 for M4Be cells, 1.615 ± 0.95 x 10" 7 for 
clone IC8, 2.02 ± 1.08 x 10" 7 for clone P4 and 
1.005 ± 0.65 X 10" 7 for clone G9. With the exception 
of the results of experiment 1, the mutation rates 
estimated for the moderately metastatic Gl clone were 
about 10 times higher than that of M4Be cells (mean 
value for the three experiments: 11,09 ± 8.71 x 10"" 7 , 
p < 0.05 with Student's / test). The values obtained for 
the highly metastatic variants were similar to that of the 
Gl clone for the lowest, and up to four times higher for 
the highest (7.81-80 x 10" 7 with the method of the 
means, and 7.17-23.5 x 10" 7 with the P 0 method). The 



Relative Plating Efficiency Relative Plating Efficiency 




i io ioo tooo moon i 10 too 1000 lonnn 

Ouabain (10 8 x concentration, M) Ouabain (I0 B x concentration. M) 



Figure 2. Relative plating efficiency of melanoma cells in the presence of graded ouabain concentration. Each 
point represents the mean of 20-30 replicate dishes. A: M4Be, IC8 P P4, and G9 poorly metastatic cells, and 
M4BeOua R variant, B: M4Be G1, 7GP122 and T1P26 moderately and highly metastatic cells. 
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Table 3. Estimated mutation rates of M4Be celt tine and derived clones and variants 





uApCI II lid 11 1 


Pynsrimsnt 2 


Experiment 3 


M4Be 








N 0 ± SD 1 


86 ± 16 


96 + 14 


40 ± 3 


N,+ SD (x 10" 6 ) 6 


0.97 ± 0.35 


3.37 + 0.40 


3.50 ± 2.40 


<? 


55 


58 


42 


r±SD d 


0.04 ±0.26 


0.81 ± 2.73 


2.45 + 3.70 


No. of cultures without mutant 


54 


41 


21 


colonies 








Po 


0.98 


0.71 


0.50 


Mutations/cell/generatlon (x10 7 )° 








Mean method 


0.44 


0.85 


2.06 


P 0 method 


0.21 


1.02 


1.98 


1C8 








No±SD 


45 ±10 


70 ±33 


97 ±6 


N,±SD (x10- 8 ) 


3.39 ± 1.18 


2.52 + 1.94 


1.12 ±0.45 


C 


59 


59 


40 


r±SD 


0.88 ± 1.15 


0.31 ±0.92 


0.60 ±1.30 


No. of cultures without mutant 


30 


49 


28 


colonies 








Po 


0.51 


0.63 


0.70 


Mutations/cell/generatlon ( x 10 7 ) 








Mean method 


0.90 


0.57 


2.30 


P 0 method 


1.99 


0.74 


3.19 


P4 








N 0 ±SD 


61+46 


61 ±46 


178 + 19 


N,+ SD (x10" 8 ) 


1.51 ±1.24 


4.97 ± 2.51 


1.00 ±0,52 


C 


42 


57 


57 


r±SD 


0.17 ± 0.81 


6.07 ±7.11 


0.70 ±1.57 


No. of cultures without mutant 


40 


15 


42 


colonies 








Po 


0.95 


0.26. 


0.74 


Mutations/cell/generation ( x 10 7 ) 






2.60 


Mean method 


0.72 


2.76 


P 0 method 


0.32 


2.68 


3.06 


G9 








N 0 ± SD 


161 ± 54 


261 ± 13 


265 ± 31 


N,±SD (x10" 6 ) 


0.84 + 0.26 


1.21 ±0.41 


3.79 + 0.86 


C 


58 


55 


52 


f±SD 


0.16 ±0.36 


0.25 ± 0.64 


0.08 + 0.27 


No. of cultures without mutant 


49 


46 


48 


colonies 








Po 


0.84 


0.84 


0.92 


Mutations/cell/generation ( x 10 7 ) 








Mean method 


1.10 


1.07 


0.17 


P 0 method 


2.00 


1.47 


0.22 


G1 








N 0 ±SD 


161 + 29 


165 ±23 


171 ± 19 


No±SD(x10" 6 ) 


4.23 + 2.11 


1.26 ±0.49 


1.21 ±0.39 


C 


53 


40 


55 


r±SD 


0.57 ± 3,68 


10.27 + 13.20 


10.72 ±9.16 


No. of cultures without mutant 


50 


15 


4 


colonies 








Po 


0,94 


0.37 


0.07 


Mutations/cell/generatlon ( x 10 7 ) 








Mean method 


0.54 


18.05 


18.40 


P 0 method 


0.13 


7.79 


21.64 


7QP122 








N 0 ± SD 


100 ±9 


169 ± 27 


170 ± 18 


N,±SD (x10~ 6 ) 


2.11 + 1.02 


4.68 ±1.49 


2.30 ±1.00 


C 


59 


59 


58 


r±SD 


7.54 ± 16.88 


45 ±45 


107 ± 52 


No. of cultures without mutant 


13 


0 


0 


colonies 








Po 


0.22 






Mutations/cell/generation ( x 10 7 ) 








Mean method 


7.81 


15.8 


68.4 


P 0 method 


7.17 







(continued) 
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Table 3. (continued) 



Experiment 1 Experiment 2 Experiment 3 



T1P26 



N 0 + SD 


99 + 33 


39 ±2 


36 ±2 


N t ±SD(x10- 6 ) 


1.53 ±0.44 


2,13 ± 0.87 


0.63 ± 0.25 


C 


17 


47 


22 


r±S0 


40.5 + 36.3 


23.4 + 23.2 


23.8 ±31.1 


No. of cultures without mutant 


0 


9 


5 


colonies 








Po 




0.19 


0.23 


Mutatlona/cell/generation (x10 7 ) 








Mean method 


53.6 


20.6 


80.0 


P 0 method 




7.8 


23.5 



a Mean Initial cell number 

b Mean final cell number 

'Number of parallel cultures 

d Mean number of mutant colonies per culture 

"See Material and Methods for calculation 



P 0 method was less informative in these cases because 
the proportion of the cultures without any mutant 
colonies was very low and was zero in most experiments. 
The mean values obtained for the highly metastatic 
variants 7GP122 and T1P26 were 20 and 40 times 
higher, respectively, than that of M4Be cells (24.795 ± 
25.40 x 10"\ p = 0.1 for 7GP122 variant and 37.1 ± 
26.18 x \<T\p < 0.02 for T1P26 variant). 

As the estimated mutation rates appeared to be grossly 
correlated with the metastatic potential of the different 
cell lines, we attempted to determine whether ouabain 
resistance could be involved in the expression of the 
metastatic phenotype, and whether our results could be 
due to a direct relationship between a mutation at the 
ATPase locus and the expression of metastatic ability. 
Hence, M4BeOua R ouabain-resistant variant was selected 
from the M4Be cell line. M4BeOua R responded 
to increasing ouabain concentration in a similar way to 
that of the other ceil lines, but presented a plateau phase 
at about 10" 1 (relative plating efficiency/Figure 2A). 
The in vivo behaviour of M4BeOua R cells, shown in Table 
1, shows that ouabain resistance has no direct causal 
effect on metastatic ability: M4BeOua R was even less 
metastatic than the poorly metastatic M4Be cell line. 
M4BeOua R cells had' even lost their ability to form 
detectable tumours after s.c. injection, though they 
exhibited in vitro growth parameters similar to that of 
M4Be cells (data not shown). 

Karyotype analyses 

Spontaneous mutation rate studies provided us with 
results showing a correlation between the genomic 
instability and the metastatic ability of the cell lines. We 



then attempted to expand our studies by seeking possible 
alterations at the chromosome level, where changes 
could have accumulated with a higher frequency in the 
highly metastatic cell lines. For this purpose, we 
performed a comparative analysis of the prevalence of 
cytogenetic structural abnormalities in the different cell 
lines. 

All cell lines were hypertriploid, showing quite 
comparable modal numbers (Table 4). Chromosome 
dispersion was quite high, ranging from ^34 to 153 
chromosomes per mitosis, the cell line expressing the 
narrowest chromosome range being the 7GP122 variant. 
Comparative analysis of abnormal marker chromosomes 
in M4Be and derived cell lines showed a possible 
relationship between accumulation of karyotype abnor- 
malities and metastatic ability. Nineteen different markers 
have been found among the different cell lines studied 
here (Figure 3). Their detailed cytogenetic characteriza- 
tion and their respective frequencies are presented in 
Table 5. More than half of the normal chromosomes 
were involved in marker formation, with the exception 
of chromosomes 10, 17, 18, 19, 20, 21, 22, 23, X and Y. 
The chromosome most frequently involved in rearrange- 
ments was chromosome 7, and the other chromosomes 
regularly involved in the constitution of markers were 
chromosomes 1, 3, 6, 9, 12 and 15. Five clonal markers 
appeared to be characteristic of M4Be cells and the 
derived sublines, markers Ml, M2, M3, M7 and Ml 3, 
respectively derived from chromosomes 14 and 11,7 and 
8, 9 and 15, 6, and 9 and 15 again. Marker M3 was found 
much more often in all clones and variants than in M4Be 
cell line where it appeared not be clonal. Eleven new 
markers appeared in M4Be-derived cell lines which were 
not detectable in M4Be cells: M4, M9, Mil, M12, M15, 
M16, M17, M19, M20, M21 and M23. Marker Ml was 
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Table 4. Modal numbers of M4Be cells 
and derived clones and variants 





Modal 


Chromosome 




number 

1 IUI 1 IUWI 


range 


M4Be 


74-78 


70-153 


ICB 


75-82 


57-103 


P4 


77-80 


49-109 


G9 


64-75 


46-137 


G1 


67-72 


45-142 


7GP122 


71-75 


34-75 


T1P26 


64-74 


47-138 



lost in Gl, 7GP122 and T1P26 cells, while markers M2, 
M6 and M8 were found in higher proportions of these 
cells compared with the four other cell lines. Markers 
Ml 6, Ml 9, M20 and M23 were exclusively expressed in 
cells with high metastatic ability, though usually in a 
sporadic manner. 

DNA amplification in the form of double minute 
(DM) chromosomes was noticed in one out of the four 
low metastatic cell lines with a low frequency, only 4% 
of the cells having a unique DM marker (Tabic 6). Two 
out of the three metastatic cell lines presented DMs, in 
54 and 21% of Gl and 7GP122 cells, respectively, with 
a number of copies per cell varying from one to two. 



Discussion 

We measured the mutation rates Ln seven human melano- 
ma cell lines of low, moderately or high spontaneous 
metastatic ability after s.c. injection into immunosup- 
pressed newborn rats. 26 This demonstrated a correlation 
between the estimated spontaneous mutation rates and 
the spontaneous metastatic ability of the different cell 
lines. The poorly metastatic cells had estimated mutation 
rates of about 10~ 7 mutations/cell/generation, while the 
mutation rates estimated for the moderately and highly 
metastatic cells were at least one order of magnitude 
higher (1—8 x 10~ 6 mutations/ccll/gcncration). The 
previously reported spontaneous mutation rates for 
ouabain ranged from 0.2 to 13 x 10~ 7 mutants/cell/ 
generation for human cells 15,25 and from 0.1 to 
8.8 x 10 -7 mutations/cell/generation for rodent 
cells. 12,17,18,20 Elmore et al reported mutation rates of 
1.38-8.5 x 10" 7 and6 13 x 10" 7 mutations/cell/genera- 
tion for normal and chemically transformed human 
fibroblasts respectively; 15 these mutation rates are 
comparable to those reported here for low and moderate 
metastatic cells. 

Plating efficiency, which could be of great importance 
to the validity of the test, 16,25 sometimes varied greatly 
between cell lines ; however, it is unlikely that this would 
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Figure 3. Abnormal marker chromosomes (M) in M4Be cell line and derived clones and variants. Normal 
chromosomes from which they originated are shown beside the markers. 
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Table 5. Abnormal chromosomes (markers 4 ) in M4Be celt line and derived clones and variants 



Markers 



Cells 


M1 


M2 


M3 


M4 


M6 


M7 


MB 


M9 


M10 


M11 


M12 


M13 


M15 


M16 


M17 


M19 


M20 


M21- 


M23. 


M4Be 


+ +c b 


+ +c 


± 




+ 


+ +c 


+ 




± 






+c 
















ICS 


+ +c 


± 


+ +C 






+ +c 




+c 








+c 
















P4 


+ +C 


+ +C 


+c 






+ +C 




± 


+ 






+ +C 
















G9 


+ +c 


+ +C 


+ +C 


(±) 


(±) 


+ +C 


(±) 


(±) 


± 


( + ) 


± 


+c 


(±) 




(±) 






(±) 




G1 


+c 


+ +-+C 


+ +C 




± 


+ +C 




± 


± 


(±) 


± 


+c 




(±) 


(±) 


(±) 


(±) 




(±) 


7GP122 


+e 


+ + +C 


+ +C 




+ 


+ +C 


± 






(±) 


(±) 


+c 


(±) 


± 






± 






T1P26 


+c 


+ + +C 


+ +C 




± 


+ +C 


± 










+ +C 




+c 


± 











"M1 => t(11 ;14) (p15.3;q24); M2 = t(7;8) (p14;p21); M3 = t(9;15) (q21?:q13?); M4 » t(2;5?) (q;p?) M6 = t(12;?) (p12;?); M7 = del(6)(q11 
q24); M8 « dup{13) (q13-q21.1?); M9 = del(1)(p34); M10 = not Identified; M11 = dir.ins(6) (q21); M12 = t(3;?)(p14;?); M13=M(9;15) 
(q13;q21); M15 = not Identified; M16 = t(4;12) (p;p); M17=t(1;?) (q11;?); M19 = iso7q; M20 = t(3;?) (q11;?); M21 = dicentric; 
M23«t(7?;16?) (p14?;p12?). 

^Marker distribution; — , not found; (±), sporadically found; ±, found In a noticeable proportion of the cells; +, found In most of the 
cells in one copy; + +, found in most of the cells in one or two copies; + + + , found in most of the cells In two copies or more; 
c, clonal marker. 



Table 6. DM* chromosomes quantitation In M4Be 
celi line and derived clones and variants 





% mitoses 
with DM 


0 


DM/cell 
1 


2 


M4Be 


0 


I00 b 


0 


0 


IC8 


0 


100 


0 


0 


P4 


0 


100 


0 


0 


G9 


4 


96 


4 


0 


G1 


54 


46 


41 


13 


7GP122 


21 


79 


14 


7 


T1P26 


0 


100 


0 


0 



a Double minute 
"Percent of cells 

exert a significant influence on our results: a low plating 
efficiency would result in incomplete recovery of the 
mutants, and underestimation of the mutation rate. This 
is, however, not of great significance in our study since 
the Gl cells which expressed the lowest plating efficiency 
showed one of the highest values for estimated 
spontaneous mutation rate. Growth parameters were also 
comparable for the seven cell lines, and did not appear 
to interfere directly with the measurement of spontan- 
eous mutation rates. Chromosome dosage can also be an 
important parameter in fluctuation analysis since 
chromosomal ploidy level may influence the frequency 
of mutants, 25,31 If codominant mutations such as ouabain 
resistance are being studied, hyperploid cells or cells with 
multiple gene copies are likely to show a higher mutation 
level when compared with others expressing fewer 
karyotypic abnormalities. Na + /JC + -ATPase subunit 
genes are mainly mapped to human chromosome 1 ; their 
minor subunits map to chromosomes 19, 13, or 4. 32 
Amplification of chromosome 1 or of either .chromo- 
somes 19, 13 or 4 in metastatic cells could account for 



the increased mutation rates detected. This was not the 
case since no extra copies of these chromosomes were 
found in the metastatic Gl, 7GP122 and T1P26 cell lines 
when compared with the four poorly metastatic cells 
(data not shown). Our results are thus unlikely to be an 
artefact due to specific karyotypic amplification in the 
metastatic cells. 

To the best of our knowledge, the present work is the 
only study of the relationship between metastatic ability 
and genetic instability in terms of spontaneous mutation 
rates, in sublines derived from a single human melanoma 
cell line. Warren et al reported a 10- to 15-fold higher 
mutation rate in fibroblasts from Bloom's syndrome 
compared with that in fibroblasts of normal individuals. 24 
Seshadri et ai demonstrated lower mutation frequencies 
and spontaneous mutation rates for 6-thioguanine 
resistance in normal lymphocytes compared with 
malignant cells of two Burkitt*s lymphomas and one 
acute lymphoblastic leukemia T cell line. 21 Un- 
fortunately, it is difficult to compare these results directly 
with ours since the cell lines and normal lymphocytes 
used in these studies originated from different donors, 
while the clones and variants we use all derived from the 
same cell line. This may minimize possible artefacts due 
to the different origin of the cells. Elmore et al. were not 
able to demonstrate any significant difference between 
mutation rates at two independent loci in normal and 
chemically transformed human fibroblasts. 15 More 
studies have used rodent cells : some have shown a good 
correlation between increasing spontaneous mutation 
rates and metastatic potential; 12,19,22 others have demon- 
strated no relationship between those two para- 
meters. 17,18,20 Even more puzzling are the results 
presented by Yamashina and Heppner who reported no 
relationship between spontaneous mutation rates and 
metastatic potential, but a correlation between the 
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frequency of induced mutations and the metastatic 
potential in mouse mammary tumour cell lines. 17 Our 
results present evidence that increasing metastatic ability 
might be related to an increase in spontaneous mutation 
rates in human melanoma cell lines. We used cloned as 
well as uncloned cells, and variant cells isolated either 
rapidly (T1P26) or after numerous in vivo passages 
(7GP122), and all these cell lines expressed a stable 
metastatic phenotype. 26 It is thus unlikely that the 
differences we obtained could be attributed to a difference 
in the stability of the cell lines, especially between clones 
and variants, as suggested by Kendal et a/. 20 

In control experiments during fluctuation analyses, we 
selected a mutant of M4Be cell line (M4BeOua R ) resistant 
to a concentration of 3 x 10" 7 M ouabain. Comparable 
mutants of human cells have previously been successfully 
selected using 2 x 10" 7 M ouabain. 25 The dramatic loss 
of tumourigenidty and metastatic potential of this 
variant compared to M4Be cell line was surprising. 
Similar results have been obtained by other groups while 
selecting ouabain or 6-thioguanine-resistant mutants. 33,34 
However, we were not able to establish whether this loss 
of malignancy was directly related to the effect of 
ouabain, or whether it resulted from an undirect effect 
of the drug as demonstrated for a 6-thioguanine resistant 
variant. 33 

The development of ouabain resistance is generally 
considered to be the result of a single point mutation at 
that locus. The contribution of such a mechanism to 
tumour progression, even at rates of about 10~ 6 
mutations/cell/generation, might be questioned in view 
of recent results showing the multiple and rapid genetic 
changes accompanying the progression of specific 
tumours. 7 * 10 Other events,' such as gene amplification, 
might occur at much higher rates. 22 However, increased 
rates of somatic point mutations at the - Na + / 
K + -ATPase locus presumably indicate that point 
mutations might occur more frequently at loci related to 
malignant traits. It has recently been demonstrated that 
point mutations on specific genes could represent 
essential steps in carcinogenesis and human tumour cell 
progression. 35,36 Thus, an increase in spontaneous 
mutation rates at trie ouabain locus might reflect a more 
general increase of the rates of overall genetic changes, 
and might facilitate the generation and stabilization of 
unstable genotypic changes required for tumour 
progression. 5 The results of the karyotypic analysis 
we performed on the different cell lines indeed support 
this hypothesis. We thus demonstrated that highly meta- 
static cell lines have accumulated additional chromo- 
somal abnormalities when compared to poorly metastatic 
cell lines. Thus, markers M2 [t(7;8)(pl4;p21)], 
M6 [t(12;?)(pl2;?)], M8 [dup(13)(ql3-q21.1?)] and 
Mil [dir. ins(6)(q21)] were present at a higher frequency 



in Gl, 7GP122 and T1P26 cells when compared to 
poorly metastatic cells. In addition, four markers 
[M16, t(4;12)(p;p); M19, iso7q; M20, t(3;?)(qll ;?); and 
M23, t(7?;16?)(pl4?pl2?)] were exclusively expressed in 
cells with high metastatic potential. Unstable DNA 
amplification in the form of DM chromosomes 
was also documented in our study. We demonstrated the 
presence of DMs in two of the three cell lines with high 
metastatic potential, whereas only one of the four cell, 
lines with low metastatic potential, clone G9, presented 
only a small percentage of mitoses with a single DM- 
chromosome. The exact nature and role of the sequences 
amplified in these chromosomes have still to be 
determined, but they represent one way of expression of 
the cellular genomic instability. 

In conclusion, we have demonstrated that expression 
of high metastatic ability in human melanoma cell lines is 
associated with an increase in genetic instability- 
measured by spontaneous mutation rates at ouabain 
resistance locus. Such genomic instability might account 
more generally for the accumulation of structural 
abnormalities and unstable DNA amplification observed 
in the highly metastatic cells. 
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Enhancement ol cetl-metilated Immunity In melanoma patients 
immunized with murine antl-ldlotyplc Mabs (MEL1MMUNE®). 

pride. M.W.. Shuey, S.. Grillo-lopez, A., Murray. J.L. UT M.D. Anderson 
Cancer Center, Houston, TX 77030 and (DEC Pharmaceuticals, LaJoUa. CA. 
MELIMMUNE-1 and MEUMMUNE-2 (MELtMMUNE) are murine anti-ktorypic 
Mabs (Ab2) which mimic separate epitopes on the high molecular weight 
melanoma-associated proteoglycan. Peripheral blood mononuclear cells 
(PBMC) obtained from 15 resected Stage l-IV high risk melanoma patients 
^rvnunized with MELtMMUNE plus the adjuvant SAF-m were tested for in vitro 
proliferation to various Ab2 [F(ary)2] along with cytotoxicity against 51 re- 
labeled target cells. Significant in vitro proliferative leukocyte responses were 
obtained 4 weeks post immunization when stimulated with F(ab')2 fragments 
of MELIMMUNE-l or-2 but not from an tsotype control Mab. Preimmune 
samples demonstrated no in vitro proliferation to the same stimuli. P6MC 
samples obtained pre and post immunization were also stimulated in vitro with 
either MEUMMUNE-1 or-2 and IL-2 and tested against the NK-sensitive 
target fine K562. HLA-A2+ melanoma cell line A3 75 and a HLA-A2+ ovarian 
cell line. 9/15 patients did not demonstrate significant killing to any tumor 
target (pre or post immunization) while 3/15 samples demonstrated NK 
activity which was enhanced post immunization. More significantly, 3/15 
patients (HLA-A2+) lysed only the HLA-A2+ melanoma cell line A375. These 
results indicate that MELIMMUNE enhances cell mediated immune 
responses (proliferative and cytotoxicity) in melanoma patients by specific 
and nonspecific mechanisms. 
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Systemic immunity in melanoma patients treated with autologous 
ultra violet^B irradiated whole tumor cell vaccine with DETOX™. 
Kharkevitch DD f Eton O, Ross Ml, Korostelev AA, Gtanan MA, Mansfield 
PF, Itoh K*. Benjamin RS, Balch CM. UT MD Anderson Cancer Center, 
Houston, TX, 77030, and *Kurume University School of Medicine, Kurume, 
Fukuoka 830, Japan. 

Induction of autologous tumor- specific immunity is essential for 
prevention and treatment of metastatic melanoma with whole tumor cell 
vaccines. The aim of this study is to detect and characterize induction of 
cellular immunity in melanoma patients (pts) receiving ultraviolet-B 
irradiated (UVR) autologous whole tumor cell vaccine with DETOX™. 
• Twenty-eight pts with metastatic melanoma have been immunized with 10 7 
X-irradiated UVR-tumor cells plus DETOX™ at 2 week intervals x 6 and 
monthly thereafter. The dynamics over time of lymphokine production by, 
and cytotoxicity of unstimulated and IL-2 stimulated peripheral blood 
mononuclear cells (PBMC) are being studied in response to autologous 
tumor, allogeneic melanomas, tumor of non-melanoma origin and NK- 
sensitive K-562. To-date five pts treated over a year have developed a 
cytotoxic response of unstimulated PBMC to autologous tumor. In three of 
these pts antibody-blocking experiments have revealed that the cytotoxicity 
was mediated by CD3+CD8+T cells and was abrogated by anti-MHC class I 
monoclonal antibodies. This ongoing study may help to establish reliable 
assays to measure the systemic effect of tumor vaccine therapy. 
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Effect of rtarji To conngnradon and presentatton m.KLH conjugate racemes on 
cpedfldty of the refutttng antibody response. 8 Zhang, S L , «WaIberg, LA b Ogala, 
S„ ^Itzkowitz, S.H., c Koganty, R„ 'Reddish, M., Oongeneckcr, B.M., ■Uoyd, JCO. 
md Hivrngston, P.O., "Memorial So«n-Kettering Cancer Center. New York, b Mount 
Sinai School of Medicine, New York, Tiiomira Inc., Edmonton, Canada. 
Sialyl Tn (sTn) is a mucm-associated carbohydrate antigen expressed in most types of 
human adarocartmoma. In this study, we compared the rmmunogcraaty of synthetic 
angle sTn ftisacchnridr epitopes and clusters of 3 sTn epitopes covalentty linked to 
KLH through a serine backbone. Ten CB6TI mice per group were immunized with 30 
ug sTn-KLH (epitope ratio 3000/1) or 30 ug sTn(Cluster)-KLH (epitope ratio 30/1) 3 
times at 1 week intervals with immunological adjuvant QS-21. Sera drawn after the 
irmnurazations reacted with synthetic sTn- and sTrt(Chister)-HSA at median titer of 
1:7680 and 1:960 respectively, with ovine submaxillary mucin (OSM, a natural source 
of sTn) at median titer of 1:10240 and 1:7680 respectively. AO sera in a ceQular ELISA 
assay reacted with the sTh-posrtive human colon cancer cefl line LS-C and not with 
sTn(-) LS-B. Although reactivity of sTn and sTn cluster immune sera (and a series of 
monoclonal Abe) with sTn expressed by OSM and tumor cells appeared similar, 
inhibit] on assays demonstrated different specificities. Reactivity of sTn cluster 
snmune sen and mAbs B72.3 and B239.1 for OSM were inhibited by sTrtfChister)- 
HSA but not sTn-HSA. Reactivity of sTn immune sera, however, were inhibited 
cccrusrvery by sTn-HSA but not by sTn(Chister>-HSA. These results suggest that sTn 
is recognized at the tumor cell surface in 2 different configurations. Supported by NIH 
grant CA 33049. 
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Development and characterization of recombinant adenoviruses 
Ad2CMV-MARTl and Ad2CMV-gpl00 as antigen-specific vaccines 
for cancer therapy. Zha^Y., Kawakami,Y., Wadsworth, S C.*, Cardoza, 
L.*, Smith, A.E.* and Rosenberg, S.A. Surgery Branch, NCI-NTH, 
Bethesda, MD 20892. *Genzyme Corp., Framingham, MA 01701 
The identification of the tumor antigens MARTI and gp 1 00 by our group, 
which are specifically recognized by HLA-A2 restricted CD8+ CTLs 
derived from melanoma patients, has led us to develop antigen specific 
vaccines for the treatment of patients with metastatic melanoma. Replica- 
tion defective recombinant adenoviruses Ad2CMV-MARTl and Ad2- 
CMV-gp 1 00 have been successfully generated . Infection of non-antigen . 
expressing HLA-A2+ cell lines A3 75 and MDA-23 1 with the vectors, 
resulted in recognition by the specific CTL as demonstrated by specific 
target cell lysis and release of cytokines. Sodium butyrate and TNFa can 
augment adenoviral mediated ene expression and increase cytotoxicity of 
specific CTLs. Though E3/19K protein was expressed at detectable level, 
significant reduction of surface MHC class I expression was observed in 
only 3 out of 10 tumor cell lines infected with either Ad2CMV-MARTl or 
Ad2CMV-gpl00. The recombinant adenoviruses containing specific tumor 
antigen may be useful as vaccines for cancer therapy. 
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Active immunotherapy with polyvalent melanoma cell vaccine reduces 
the incidence of secondary brain metastases in stage IV melanoma. 

Morton, D.L, Nizze, J.A., Famatiga, E.. Foshag, LJ., Wanek, L.A., Dagleish, 
A. John Wayne Cancer Institute, Santa Monica, C A 90404. 
Our polyvalent melanoma cell vaccine (MCV) induces cell-mediated immunity 
to melanoma-associated antigens on autologous melanoma cells and prolongs 
the survival of patients with advanced- stage melanoma from 7.5 to 23 months. 
High responders in CMI assays such as cytotoxic T lymphocyte (CTL)- 
mediated lysis of melanoma cells had a threefold increase in 5-year survival 
compared with low responders (Cancer Res 1994:54:3342). We hypothesized 
that one mechanism of MCV's effect was the inhibition of blood-borne 
metastasis. Since brain metastases are a frequent cause of death in 
melanoma and since 75-80% of melanoma patients have cerebral metastases 
at death, we examined the incidence of secondary brain metastases in patients 
whose initial distant metastatic site was noncerebral. We compared the 
frequency of brain metastases at the time of death in patients receiving MCV 
versus chemotherapy or non-MCV immunotherapies. The overall incidence of 
secondary brain metastases was 49% (262/533) without MCV versus 24.5% 
(27/110) with MCV (p< 001); corresponding median survivals were 7.5 and 
16.8 months. These differences were seen at al! initial metastatic sites: 
liver/bone 34.2% (53/155) versus 8.3% (1/12); lung 57% (134/235) versus 
30.8% (16/52); skin/lymph nodes/GI 52.4% (75/143) versus 21.7% (10/46). 
We conclude that MCV alters the metastatic phenotype of melanoma and that 
this alteration is a major reason for MCV's therapeutic effect. 
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The induction of cytotoxic T cells and tumor regression by soluble Antigens 
la adjuvant formulation. K. Hariharan. G. Braslawsky, L. Berquist. A. Black, 
R. Bamett and N. Hanna. IDEC Pharmaceuticals, San Diego, CA 92121. 

Class I-rtstrictcd cytotoxic T lymphocytes (CTL) induced by endocytic 
processing of tumor antigen presented via the MHC- 1 molecules on the surface 
of the neoplastic cells play a major role in the immunity against cancer. In this 
study, we have demonstrated that CD8+ class I restricted CTLs can be elicited by 
injecting soluble ovalbumin (Ova) mixed in an Adjuvant Formulation (AF) 
which consists of microfluidized squalane, Tween 80 and Pluronic L121. To 
investigate the ability of this approach to generate an ti- tumor immunity, 
C57BL/6 mice were immunized with soluble ovalbumin (Ova) in AF (Ova-AF) 
either 21 days before or 2 days after challenge with syngeneic, tumorigenic Ova 
expressing trans fectoma (EG7; la"). Significant inhibition of tumor growth 
was observed in mice immunized with Ova-AF, but net with Ova in Alum or Ova 
alone. Depletion of CDS* cells completely abrogated the AF-induced tumor 
protection, indicating that OD8"** T cells were the major effector cells mediating 
tumor protection. This data indicates that AF. when combined with soluble 
protein antigens, provide an effective adjuvant for antigen specific class I 
restricted CTL response with potential utility in cancer therapeutic vaccines. 
Ongoing studies on tumor associated antigens incorporated into AF for the 
induction of tumor specific cell mediated immunity will be discussed. 
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Autologous Hapten-Modified Melanoma Vaccine as 
Postsurgical Adjuvant Treatment After Resection of 

Nodal Metastases 

By David fierd, Henry C. Maguire, Jr, Lynn M. Sdwchfer, Ralph Homflron, Walter W\ Hauck, Takami Soto, 

and Michael J. Ma&trangelo 



Purpose : To do for mine whether treoim«nt with an «v 
tologous whol«-<«ll vaccine modified with the heptandki- 
itro phenyl (DNP vaccine) is an effective postturgkal adfri- 
vonl treatment for melanoma patients wHh dinieaty 
evident nodal metastases. 

Patient* and Methods: Eligible patients had ntgtawl 
nodal metastases nWwere brae enough (* 3 cm alamo- 
ler) to prepare vaccine. Following standard lytnphadesiec- 
•omy, patients were treated with ONP vaccine en a inenfhV 
or weeldy schedule. 

ftmsuit*: Of 62 patient* with metastasis in o single lymph 
node bed (stage HI), 36 are olive after a median follow-up 
time of 55 months (range, 29 to 76); the projected 5 year 
relapse-free and overall survival rates are 45% and $9%, 
respectively. Of 15 patients with metastases in two aodal 
sites, Ave are alive with a median fallow-up time of 73 
months. An unexpected finding was the sig ni fi can tly b a t tel 
survival of alder patients; the protected 5-year survival of 



patients greater than 50 versus a 50 years was 71% and 
47%, respectively (P = .01 1, log-rank test). The develop- 
ment of a positive delayed-type hyperswsrthnty-fOTH) -re- 
sponse to unmodified autologous melanoma cells was as- 
sociated with significantly longer 5-year survival (71% r 
49%; P = .031). Finally, the median survival time from date 
of first recurrence was significantly longer for patients 
whose subcutaneous recurrence exhibited an inflammatory 
response (> 19.4 v 5,9 months; P < .001). 

Conclusion : Postsurgical adjuvant therapy with autolo- 
gous DNP-medtfted vaccine appears to produce survival 
rates that are markedly higher than have been reported 
with surgery alone. Moreover, this approach has come in- 
triguing irnmunobiologic features that might provide in- 
sights into the human tumor-host relationship. 

J Clin Oncol 15:2359-2370. 0 1997 by American So* 
doty of Clinical Oncology. 



PATIENTS WITH MELANOMA metastatic to re- 
gional lymph nodes have a relatively poor progno- 
sis, especially when palpable lymph node masses are pres- 
ent. Until recently no adjuvant therapy had shown A 
significant impact on relapse-free and overall survival. 
The string of negative results was broken by Kirkwood 
et a!, fi who reported an Eastern Cooperative- Oncology 
Group (ECOG) study of high-dose interferon alfa-2b. Pa- 
tients who received a I -year course of interferon follow- 
ing surgery had significantly longer survival than those 
treated by surgery alone. This was most striking is pa- 
tients with clinically evident lymph node metastases* 

We have developed a novel approach to the treatment 
of human cancer: immunization with autologous tumor 
cells modified by the hapten, dinitrophcnyl (DNP). Ad- 
ministration of DNP- modified melanoma vaccine hat re- 
sulted in tumor regression in several patients with tneetur- 
ahle metastases. 7 However, like other immunotherapies, 
the effectiveness i.s limited by tumor burden, possibly doe 
to the production of immunosuppressive factors, such ft* 
interleukin-10, at the tumor site. 1 Therefore, ii seemed 
reasonable to test the DNP vaccine in a setting in which 
the tumor burden is much lower. Patients with bulky but 
resectable regional lymph node metastases constitute an 
ideal group/since the metastatic masses provide a source 
of cells for preparing vaccine, but the postsurgical tumor 
burden is below the level of clinical detection. The pre- 
liminary results, which have been reported, 9 suggested in 
unexpectedly long relapse-free and overall survival in 



patients treated wiih DNP vaccine after lymphadenec- 
tomy. We now present a complete report of those trials, 
which confirms the preliminary results and provides some 
insights into the immunobiology of this treatment. 

PATIENTS AND METHODS 

Patients 

The clinical characteristics of the study aubtecb arc listed in Table 
I. Sixty -two patients had American Joint Cancer Committee ( A JCC) 
stage m melunnma (CS2, ?S2) with at least one clinically evident 
lymph node metastasis that was at least 3 cm in diameter; the largest 
aodal tneu*ta&es were 8 cm in diameter. Six of these patients had 
in-transit metastases as well. A group of 15 patient* whn had palpa- 
ble masses in 2 lymph node sites wax analy7£d separately These 
patients are considered in constitute a much worse pro^noilic group 
and* in Tact, arc sometimes classified as stage IV. 5 AJ1 patients under- 
went standard Jymphadeneciomy. including, when necessary, exci- 
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Table 1. Partenl-Related Variables 



(tfoge 01} 



TwoNedHSl* 



To to I patients 
Sex 

Mole 

Female 
Aga, yean 

Median 

Rang* 
Nodal tile 

Ax'Hory 

Inguinal 

Neck 

Axillary ■*■ supraclavicular 
hgwinal — pelvic 
Bilateral axillary 
Bilateral neck 
No. of positive node* 
1 

2 or 3 

* 4 

In-rroniif metastases 
Primary iile 

Extremity 

Trunk 

Hood & neck 
Acrolentiginous 
Unknown 
TSickness of primary (mm| 

* 1.5 
1.5-3.0 

> 3.0 

NA or unknown 
Time to nodal metastasis 
< 3 months 
3 -12 monms 
1*3 years 

> 3 years 
HLA type 

A2^>3- 
A3">V2- 
A2 / A3* 
A2VU" 



62 

36 
26 

49 
21-83 

36 
19 
5 



31 
20 
II 
6 

23 
31 
4 
2 
2 

20 
17 
16 
9 

10 
18 
17 
15 

15 
13 
6 
28 



Abbreviation*: NA. not avoilable; ND. rot done. 
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55 

30-72 
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12 
0 
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5-' 
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3 

6 
1 
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sion of in-trjnsii metastases. Computed tomography (CT) 
thorax, abdomen, and pelvis was performed in ihe perl) 
period, and only patients without definite evidence of 
were eligible Tor D.VP vaccine treatment. In all cues, 

vaccine program was begun within .10 days of 1, _ T 

and ihc median lime Trum lymphadcnecloniy was 21 dayi. 

Vaccine Preparation 

Tumor masses were obtained whiiin 4 hours of surgery and Wh« 
processed as previously described* In brief, cells were extracted 
by enzymatic dissociation with coJlagenase and DNAsc, alicjuoaftd, 
frorcn in a controtled-rote freezer, ond stored in liquid nilr 




a medium thut contained I % human albumin and 10% dimcihylsulf- 
oxide (DMSO) until needed. 0:i the day that a patient was lo be 
treated, the cells wtrz thawed, washed to reir.ove DMSO and irntdi- 
ated to .25 Gy. Then, they were waahed again and suspended in 
Hanks balanced salt solution without phenol red. Modification of 
melanoma cells with DNP was performed by ihc nvthud of Miller 
and Caiman,' 1 Tins involves a HO-mmufe incubation of tumor cells 
withdinitrofluorubeazene (UN KB) under sterile conditiunv followed 
by washing with sterile saline. 

Eich vaccine consisted nf 5 to 25 x 10* live tumor cells (by 
trypan blue exclusion) suspended in 0.2 mL Hanks solution: there 
were variable numbers of residual lymph node lymphocytes in nil 
specimens. After mixing wi:h bacillc C^lmette-Guerin (Ht.'G) (<*e 
laier), the suspension was injected intradermaJly into three contigu- 
ous sites. Hie actual do^cs i:f vaccine administered aie listed in 
Table 2. 

Study Design 

The studies were approved by the Institutional Review Board of 
Thomas Jefferson University and informed consent was obtained 



Table 2. Treatment-Re tared Variables 



Varabte 


Hi 

SoWj • A 




Sin;* fV 
A ♦ 6 


No. of porienH 


36 


26 


15 


Mean do* per vaccine x 10* cells 








(mm) 








Median 


13 


10 


10 


Ron 90 


5-25 


2 25 


3-17 


No. of vaccine doses administered (mm) 








Median 


8 


12 


8 


Rcnoe 


2-8 


612 


•12 


Peak DTH to unmodified melanoma cells 








(mm) 








Median 


5 


2 


4 


Range 


0*22* 


0 6' 


0-11 


X <e 5 mm 


51 


8 


21 


% * 10 mm 


9 


0 


7 


rbokOTH to ONP-nodiried melanoma 








cells (mm) 








Median 


20 


20 


35 


Range 


7-55 


9 70 


7-60 


X s 5 mm 


100 


100 


100 


% * 10 mm 


85 


96 


°0 


rbax DTH to ONP-modified rympnecytei 








(mm) 








Median 


16 


*6 


15 


Range 


5-40 


5-35 


440 


% ft 5 mm 


100 


100 


93 


% * 10 mm 


75 


69 


64 


Peak DTH to PPO (mm) 








Median 


25 


23 


21 


Hongt 


12-60 


1C-35 


13-30 


% * 10 mm 


100 


100 


; 00 


% *• 20 mm 


71 


81 


50 


•Difference between stage 3, schedule A and stage 3, schedjle 
.003, Mann-WKirney U tci/ 


6 P - 



DNP VACCINE ADJUVANT TREATMENT OF MELANOMA 
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Took 3. ScheduUs of DNP Vaccine Troahneni 



Sthedutu A and 9 
Day - 1 7 Cyclophosphamide 
Day - U DNFB lensitaolion 
Day 13 ONFB iantitizalion 
Day 0 CyclophoipKornide 

Schedule A 
Day 3 DNP vocci«» + BCG 
Day 28 CydopHoipnanitda 
Day 3 1 DNP vaccine 1- BCG 
Day 59 DNP vofcio« ♦ BCG 
Day 87 DNP vaccine ♦ BCG 
Day I I 5 DNP voccne + BCG 
Doy U3 DNP voccine + BCG 
Day 1 71 DNP voccine + BCG 

Ory 1O0 OKIP «or<:if»* . 6C£? 

Schecfu'e B 
Day 3 DNP vaccine + BCG 
Day 10 DNP voccin* 
Day 1 7 DNP vaccine 
Day 24 Unconjugated vaccine + BCG 
Day 31 Unconjugated vaccine 
Day 38 Unconjugated vaccine 
Doy 70 Cyclophosphamide 
Day 73 DNP vaccin. - BCG 
Day 80 DNP vaccine 
Day 97 DNP vaccin© 
Day 9 A Unconjugated vaccin* + BCG 
Day 101 Unconjugated vaccine 
Day '08 Unconjugaied vocxine 



from all patients. Two vaccine schedules were tested (Table 3] 
Schedule A wis used for patieivs accrued from October 1989 
March 1993; schedule B was used for patients accrued from 
1993 to March 1994. For both schedules, patients were inii 
sensitized with DNPB by topical application of a I* solution 
acetone -com oil on 2 consecutive days in the same site on 
ventral upper axrn; cyclophosphamide 300 mg/m' by rapid inmv 
nous (IV) infusion was given 3 days before DNFB application. ia 
schedule A. DNP vaccine, mii.-d whh Kf "<i (Tic*; Organua Teknl 
Corp, Durham, NC) was administered every 4 weeks for a total 
eight doses; cyclophosphamide 3f!fl mg/nv was administered 3 
before the first and second doses. AH vaccine injection* were gr 
in the same site on a limb (usually the upper dorsal arm) that 
not been subjected to a lymph node dissection. In schedule B, v! 
was administered weekly for 6 weeks: after a 4- week reevali 
period, vaccine was afioiu admin i.sLctcti weekly for ft weeks. Till 
first three vaccines of each course were DNP-rwKlified and the 
three were unmodified. BCG was admixed nniy with the fiat 
fourth vaccine of each course. All ot the DiNP vaccine inj< 
were given into one area, and all of the unmodified vaccine mj 
were given into a second area. Cyclophosphamide 300 mg/m 2 
adminiMerwl 3 days before the start of each vaccine count. 

For both schedules, the dose of BCG was progressively attenuj 
to produce a local reaction that cunsinted cf an inflammatory 

without ulceration. 'l"he attenuation schedule was a.< follows: (I)flL 
;nL of a 1:10 dilution (I to 6 x 10* colony forming units [CFO] 
(2) 0. 1 mL of a I : J 00 dilution (I u> 8 x 10 s CFU); and (3) 0,1 
of a 1 :1.000 dilution (I to 3 x 10" CFU) Because of the progress* 
development of cell -mediated immunity, most patients were rceaiv-? 
ing the lowest BCG dose by the fourth BCG injection. 

Following the completion nf vaccine treatments, patients 
evaluated at the Thomas Jefferson University Hospital every 2 
months tor 2 yeai*. every 3 motitfo fur the thud year, and every 6 
monilis thereafter. Laboratory evaluation* weie as follows: complete 




Wood cell count, liver fmicuun tests, and chest x-niy every 2 month*: 
and CT of the chest, abdomen, and pelvis every 6 months. No 
patients were lost to follow-up evaluation. 

Skin Testing 

Patients were tested for delaycd-iypc hypersensitivity (DTH> by a 
lUndard method thai we have previously described. 10 Cryoprcs* rved 
melanoma cell suspensions and peripheral -Mood lymphocytes (ri)l.j 
were thawed, washed, and irradiated (.25 Gy). Only mechanically 
dUsociatcd melanoma cell suspensions were used in vie* of out 
previous observation that patients immunised with enzyme diwoci- 
tled melanoma cells develop sorong DTI I to coltagena.se and 
DNA**. n DNP modified mahmomti colb nnd PBL w ere predated as 

described earlier. A toral of 1 x 10* melnnoma cells and 3 x J(f 
PBL, each cither DNP-modiried or unmodified, were suspended in 
Hanlu balanced salt solution without serum, phenol red. or antibiot- 
ics and injected intradcrmally into the ventral forearm. *lhc mean 
diameter of induration was meowed atiei ^8 hours. Patients were 
aboskin-tcstcd with intermediate-strength purilied protein derivative 
(PPD; 5 tuberculin uniis (TU]). DTH testing was performed before 
DNFB sensitization and then every 2 momhs during the time of 
administration of DNP vaccine. Table 2 summarires the results of 
jrfcTTH testing. No patients exhibited DTH responses to autologous, 
-Unmodified PBL, either before or after treatment, which exclude* 
J; the possibility of spurious responses to the cryopreservation inedtun) 
or Us components. 

Human Leukocyte Antigen Tetiinx 

Initially, class I typing was performed by the Ts.sue Typing I .abo- 
. rmtory of Thomas Jefferson University Hospital in 20 patients, u>ing 

ttandftrd serologic methods. After preliminary' analysis suggested 
T thaf patients who expressed human leukocyte antiyen (HLA)-A3 had 
"ca shorter survival than patients with other phenoiype&. ull of the 
|ttage 111 patients were tested for expression of A3 and A2 by using 
^monoclonal antibodies (American Type Culture Collection, Hock 
FviUe, MD: A2, HB82; A3, HBI22) iind flow cytometry. In alt cases, 

the two methods yielded identical result.*. 

Statistics 

Survival was plotted by the Kaplan- Meier method and the diffcr- 
nee between survival curves was determined by the loc-raok test 
r Of Mantel. The effect of prognostic variables on surv ival was deter- 
nlned by proportional hazards regression (Cox). 

RESULTS 

Stage ///; Relapse Free and Overall Survival 

The relapse-free survival of the 62 patients with clinicai 
ftage Hi melanoma treated postJymphadenectomy with 
iNP-modified vaccine is shown in Fig 1. The median 
Japsc-frce survival duration is between 24 and 37 
nths and the projected 5-year relapse-free survival rate 
45%, All patients have been monitored for at least 29 
month* and the median follow-up time is 55 months. Of 
six patients who had in-transit metastases, five are alive 
and melanorna-frce at 44, 45. 60, 60, and 08 moir.hs — 
four continuously relapse-frce and one long-term relapse- 
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free after resection of a single recurrence. To provide a 
comparison with standard therapy. Fig I has been anno- 
tated to show relapse-frec survival at selected points for 
patients in che ECOG study group who received high- 
dose interferon alfa-2b and for the untreated (surgery- 
only) controls. 6 Figure 2 shows the overall survival of 
these 62 patients. The median overall survival time if 
more than 62 months and the projected 5-year survival 
rate is 58%. Since the report by Kirkwocxi el al* did not 
provide overall survival data for this group of patients, 
their data could not be shown on this graph. 

Univariate Analysis of Prognostic Variables 

We performed a univnriate analysis of a series of pa- 
tient-related and treatment-related variables to determine 
their impact on relapse-free and overall survival of these 
62 stage 111 patients. 

Of the patient-related variables examined, age, number 
of positive nodes, and HLA type had a significant (f < 
.05) impact on survival (Tables 1 and 4). The importance 
of the extent of nrvial involvement is shown in the 
Kaplan-Meier plot in Fig 3. Patients with a large palpable 
m*!rn«mtir mass but no other microscopic nodnl involve- 
ment had a project 5-ycar survival rate of 72% versus 
34% in patients with four or more positive nodes. The 
effect of age is shown in Fig 4; older patients (> 50 
years) fared significantly better than younger patient*. 
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This finding was unexpected, since the ECOG interferon 
study reported the opposite result, 6 and in other studies, 
age has been a neutral factor 2 Even more surprising was 
the effect of HLA class 1 phenotype: the 13 patients who 
were A3*A2~ had a median survival time of only 1 1 
months, compared with more than 30 months for patients 
who expressed A2 (with or without A3) or who did not 
express either A2 or A3. Sex and site or thickness of 
the primary melanoma were not statistically significant 
predictors of survival. 

It is of particular interest that the interval from ireal- 
ment of the primary cutaneous melanoma to (he lime of 
development of a clinically apparent nodal metastasis was 
not a significant variable for either relapse* free or overall 
survival. Patients with a clinically evident nodal metasta- 
sis at the time of presentation of the primary melanoma 
(ie, time to nodal metastasis - 0) have been reported to 
have a particularly poor prognosis (5 -year re I apse* free 
survival rate, < l()% 6 ). Of eight such patients in our iriaJ, 
four are alive at 37. 44, 54, and 67 months, respectively. 

Of the treatment-related variables, the development of 
a positive (=* 5 mm) DTH response to unmodified autolo- 
gous melanoma cells was associated with significantly 
longer 5-year survival {11% v. 49%) (Tables 2 and 5; Fig 
5) In ennrrasi, the. other DTH responses thru develop at! 
following administration of DNP vaccine (DNP- modi lied 
autologous melanoma cells or lymphocytes, PPD) were 
not predictive, except that the develop me ni "of a large 
PPD response was associated with shorter survival, which 



DNP VACCINE ADJUVANT TREATMENT OF MELANOMA 

To We 4. Univoriote Association of f orient- fttlated Variables W* 



2363 



Relapse-Fret crtd 


Total Survival 


— Stag 


• til 








Median Tim* 




Median Time 






Ma. of 


•o Recurrence 




to Deo* 




Foaor 


Mi***; 


{(ttonfht) 


r* 




• 


Sex 






.257 




.431 


Mat* 


JO 


22 




54 




Female 


26 


> !6 




> 35 




Age, yean 






.002 




.011 


s 50 


i c 

3.> 


10 




32 




> 50 


27 


> 47 




> 54 




No. of positive nodes 






.003 




.049 


Maw only 


31 


> 61 




>o2 




Mas* and 1 -2 












micrometatte* 


20 


15 




35 




Mou and a 3 












mierometojes 


t ' 


5 




U 




Primer/ i' 1 ** 






.094 




.191 


Exremify 


23 


17 




> 54 




Trunk 


31 


17 




36 




Oner 


8 


> 20 




> 33 




Thickness of primary 
(mm) 






77? 




.569 


2.5 


J 1 


37 




56 




> 2 5 


22 


24 




> 27 




NA or unknown 


9 


17 




> 33 




Time to nodal 












metaitoiis, months 






.296 




.252 


«; .12 


28 


37 




> 27 




> 12 


32 


20 




54 




MLA type 






.003 




.001 


A2\A3 


15 


22 




> 33 




A3*,A2~ 


13 


5 




n 




A2*,A3* 


6 


> 35 




> 35 




A2-.A3" 


28 


49 




>63 




•log-rank lest 



was of boarderline significance. Schedule of administra- 
tion (A v B) and average vaccine dose were not statisti- 
cally significant variables. 

Multivariate Analysis of Prognostic Variables 

A multivariate analysts was performed using a Cox 
mrvlpl Amnng pmip.nt -related variables (Table 6), mom 
extensive nodal involvement was associated with a sig- 
nificantly higher hazards raiio for both relapse-fcee and 
overall survival. Age more than 50 years was associated 
with sigruficandy lower hazards ratios (0.29 and 0.37 for 
relapse-free and overall survival, respectively). Therefore, 
the treatment-related variables were analyzed after ad- 
justing for age and number of positive nodes. As shown 
in Table 7, the failure to develop DTH lo unmodified 
autologous melanoma cells was associated with a hazards 
ratio of 2.54 for overall survival but this was of board- 
erline statistical significance {P = .080). Because of the 
possibility that patients with more extensive nodal 
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Fig 3. Overall survival of patient* with stage 111 melanoma treated 
with vacdne stratified by degree oi lympK node involvement. P - 
.049, log-rank test, 2 -toiled. 

involvement also might be less likely to develop a cell- 
mediated immune response to melanoma antigens, we 
modeled DTH to unmodified autologous melanuma cell*; 
after adjustment for age only. The hazards ratios for both 
relapse-frcc and overall survival increased and were sta- 
tistically significant (P = .029 and ,036, respectively). 
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Fig 4. Overall survival of patients with stage III melanoma treated 
wttfc vaccina itroJifWd by age. P ~ .01 1, log-rank tost, 2-failed. 
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The trend toward lower overall survival in patients with 
large DTH responses to PPD, noted in the univariate 
analysis, was also evident in the Cox model. This effect 
disappeared when thai parameter was modeled alter ad- 
justment for age only, which suggests that it was a reflec- 
tion of the higher hazards ratios of younger subjects. 

ll was not possible to generate a Cox model that in- 
cluded HLA type. However, log-rank tests of HLA type 
stratified by age and number Of positive nodes confirmed 
the results of the univariate analysis of this parameter; 

HLA type remained a significant predictor of relapse free 

and overall survival (P = .016 and .014, respectively). 

Patients With Metastases to Two Lymph Node Sites 

We Heated 15 patients with autologous DNP vaccine 
after resection of bulky metastases to two nodal sites, 
generally classified as stage IV. 2 Five of 15 are alive and 
melanoma-free at 32. 39, 73, 76, and 81 monihs — three 
continuously relapse- free and two long-term relapse-free 
after resection of a single recurrence. The sites of nodal 
metastases in these five patients were as follows: inguinal 
plus pelvic, n = 3; bilateral axillary, n = t; and axillary 
plus neck, n - I. 

Sites and Treattnent of Relapses 

A total of 46 patients developed recurrence of mela- 
noma following DNP vaccine treatment. The anatomic 
sites of first recurrence were as follows: soft tissue, n = 
26; lung, n = 5; liver, n = 5; bone, u = 4. brain, n = 5, 
and intraabdominal, n = 1 . This distribution of sites of 
recurrence is similar to that repot Led in a large retrospec- 
tive study. 14 It is noteworthy thai brain metastases were 
uncommon, since the brain is considered by some investi- 
gators to be an immunologically privileged site that would 
not be protected by the development of active tumor im- 
mumty.' 5 

The management of patients following relapse was not 
specified in the vaccine protocol; instead, patients re- 
ceived what was considered tn be standard of care by 
their physicians. Initial postrelapse treatments were as 
follows: chemotherapy, 24 patients; surgery (usually 
complete excision of one or two soft tissue metastases), 
18 patients, six of whom subsequently received chemo- 
therapy; and no treatment (because of patient refusal or 
rapidly progressive metastases), four patients. Of 30 pa 
tients who received combination chemotherapy, 1 " there 
were eight partial responses with a median duration of 3 
months and no complete responses. Chemotherapy did 
not appear to have an impact on postrelapse survival. Of 
18 patients who underwent surgery, eight were treated 
with a second course of DNP vaccine, made by excising 
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and processing the recurrent tumor tissue. Of this group, 
six have died and two are surviving relapse-free at 25 
and 26 months postrecurrence, respectively. 

Histology of Recurrent Tumors 

Fourteen patients had skin (subcutaneous or dermal) 
metastases as the initial site of recurrence. Seven of these 
tumors exhibited inflammatory responses that were histo- 
logically similar to those that we have reported io patiente 
who received DNP vaccine for treatment of measurable 
metastases. 7 17 A representative histology is shown in Fig 
6. We calculated the time from first recurrence of mela- 
noma to death and determined whether tumor inflamma- 
tion was ft significant prognostic variable. The median 
survival times were as follows: inflammation in recurrent 
tumors, greater than 194 months; and no inflammation, 
5.9 months (P < .001. log-rank test) (Fig 7). A multivari- 
ate analysis of prognostic variables for postrelapse sur- 



vival for this group showed that tumor inflammation was 
the only statistically significant predictor of longer sur- 
vival. For example, whether subcutaneous metastases 
were completely resected wus not a significant factor in 
univariate or multivariate analyses. 

Toxicity 

Systemic toxicity was almost entirely attributable to 
cyclophosphamide, and, as expected with the low dose, 
it was mild. Approximately one third of patients reported 
short-lived nausea or vomiting, which in most cases wus 
grade I or 2. One patient treated on schedule B developed 
generalized urticaria 15 minutes after injection of her 
fotuth dose i if DNP vaccine; this abated spontaneously 
and was not associated with other symptoms of hypersen- 
sitivity. The vaccine was discontinued and this patient 
has remained tumor- free for 5 years. Otherwise, the toxic- 
ity of the DNP vaccine was limited to local reactions at 
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fig ©. histology of a subcutaneous me- 
tastasis at the firs I site of me to no ma recur- 
rence. Original magnifications: (A) 100* ; {&| 
400 x . Note (he dense infiltration of lympho- 
cyte! into the fumo- tissue. Clinically, this le- 
sion was a 5 -mm diameter subcutaneous 
mots on the mid abdomen. 



the vaccine sites. All pntienK developed pruritic papoles 
that progressed to pustules, sometimes with small ulcer- 
ations; the intensity of the reactions was amelio- 
rated by reducing the dose of BCG. No patients noted 

fever or chilli following vaccine administration and DO 

patient experienced a decrease in performance statu*. Fi- 
nally, no .systemic autoimmune phenomena (eg, arthritis 
or cutaneous vasculitis) were observed. Vitiligo was 
never seen/ 

DISCUSSION 

We have developed a novel approach to the treatment 
of human cancer: immunization with autologous tumor 



cells modified by the hapten. DNP The regimen inmrpo- 

rates the administration of low-dose cyclophosphamide 
before immunization because of iu ability to augment 
cell-mediated immune responses.""* In an initial report, 

wo demonstrated that patient; with metastatic melanoma 
administered a DNP- modified vaccine developed in- 
flammatory responses in metastatic tumor masses. Im- 
munohisLochcmistry and flow cytometric analysis o.*' bi- 
opsy specimens showed infiltration with lymphocytes, the 
majority of which were CD8\ IILA-DR* T cells.'' ,v 
Polymerase chain reaction (PCR)-biised analysis of these 
tissues indicates thai the T cells produce interferon 
gamma. 20 Recently wc, in collaboration with the group 
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at the Lstituto Na^ionale in Milan, have reported that the 
infiltrating T cells represent expansion of a restricted set 
of T-cell receptor V-beta gene families, and that in two 
of two patients studied, the T-cell expansion was clonal. 2 ' 
These clones were not found in n on infiltrated metastases 
excised before administration of DNP vaccine. These ob- 
servations suggest that immunization with DNP-modified 
autologous melanoma induces a T-ce!l response at the 
tumor site that is driven by yet-to-be-idcnlified melanoma 
antigens. 

The rationale for the use of a haptcn-niodificd human 
tumor vuccine is well established. It is known that immu- 
nization of mice with TNP-modified lymphocytes results 
in the development of splenic T cells that exhibit second- 
ary proliferative and cytotoxic responses lo trinitrophenyl 
(TNP)-modified cells in vitro, 32 These responses are 
sometimes associated with low-grade, but reproducible, 
cross-reactivity with unmodified autologous targets/stim- 
ulators. This phenomenon has acquired clinical relevance 
through the work of Neuralh et al." who induced autoim- 
mune colitis in mice by a single application of a hapten 
to che rectal mucosa. Moreover, it :s the basis ot drug- 
induced autoimmune disease: drugs act as haptens, which 
combine with normal tissue protein- forming immuno- 
genic complexes that are recognised by T cells. 24 Subse- 
quently, autoimmune disease, eg, systemic lupus erythe- 



matosus, can develop and continue even after withdrawal 
of the offending drug." * 6 

The existence of T cells generated by hapten-modified 
cells that are reactive to both modified and unmodified 
cells has recently been directly demonstrated. Ortmann 
et al 27 have shown that class I major histocompatabiliry 
complex (MHC)-restricted T-cell clones generated from 
mice immunized with TNP-modified syngeneic lympho- 
cytes respond to MHC-associatedL TNP modified sdf- 
pep tides. Furthermore, some TNP-reactive clones re- 
spond to certain MHC-binding, unmodified peptides as 
well. 28 A similar observation has been made with murine 
T-cell hybridomas responsive to hen egg lysozyme (HEL) 
modified with the hapten phosphorylcholine (PC).^ The 
irninunochemical basis of this phenomenon remains spec- 
ulative, but several hypotheses are being tested. For exam- 
ple, Martin et al 2B have explained their results by hypothe- 
sizing the existence of autoreactive T cells that escape 
thymic selection because of low affinity for self-pepudes. 
Hapten modification of such peptides may convert sub- 
oVwninant peptide epitopes into dojninant determinants 
and thereby activate those T cells. 

The current results suggest that administration of autol- 
ogous DNP vaccine may be an effective postsurgical adju- 
vant treatment in patients with bulky, regional lymph 
node metastases. The 5-year relapse-free survival (45%) 
and overall survival (58%) rates in our scries appear to 
be considerably higher than survival rates achieved with 
iymphadenectorny alone. Slingiuff et al, 4 in a retrospec- 
tive study of 4,682 patients, found that the "incidence 
of distant metastases closely mirrored the incidence of 
regional metastases." This generalization seems to be 
supported by data from a number of other published re- 
ports. For example. Balch et af reported a 5-year survival 
rate of 24% for patients with clinically detectable nodal 
metastases. Karakousis et at ? observed that of 1 1 1 patients 
with palpable positive nodes, only 18% survived 5 years. 
In the Sloan-Kettering series of 1.019 patients reported 
by Coit et al, 2 the 5-ycar survival rate of patients with 
palpable nodes more than 3 cm in diameter in one nodal 
site was 22%; when two nodal sites had palpable metasta- 
ses, the 5-year survival rate decreased to 8%. Finally, in 
a study reported by Retsas el al, 5 the 5-year survival rate 
of 169 patients with clinically detectable nodal metastases 
treated with surgery alone was 28% and the relapse-fiee 
survival rate was approximately 10%. 

Similar survival statistics have been reported in the 
ECOG study of interferon alfa-2b as postsurgical adjuvant 
therapy of melanoma. 6 This landmark study showed that 
administration of high -dose interferon significantly in- 
creased relapse-free and overall survival. The 5-yeiir re- 
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lapse- tree survival rate of surgical controls with clinically 
evident nodal metastases was approximately 23%, which 
was increased to approximately 33% with interferon treat- 
ment.* In our study, administration uf DNP vaccina re- 
sulted in a relapse-free survival that is twice that of the 
ECOC control group and somewhat higher than that of 
the high-dose interferon group. 

Although this comparison is weakened by the fact that 
it is historical rather than prospective, it is strengthened 
by the inclusion in our trial of patients who would be 
expected to have a particularly poor prognosis. Eight pa- 
tients presented with palpable lymph node metastases at 
the same lime thai their primary melanoma was diag- 
nosed, an occurrence that has been associated with a 5- 
ycar relapse-free survival rate of less than 10%.* Six 
patients had in-transit metastases, as well as clinically 
evident lymph node metastases. Finally, we did not ex- 
clude patients with exlranodal extension of melanoma, 
because tumor processing precluded microscopic evalua- 
tion of this feature. In fact, some of the tumors that we 
processed were quite large (> 5 cm) and may have con- 
sisted of smaller, matted nodes — evidence of invasion of 
the lymph node capsule. 

Analysis of the effect of patient-related and ireatmcnt- 
related variables on survival after administration of DNP 
vaccine disclosed several associations that may be im- 
portant in understanding the immunology of this thera- 
peutic approach. One striking finding was the superior 
outcome of older patients. In both univariate and multi- 
variate fitialyscs. patients greater than 50 years of age 
had significantly longer relapse free and overall survival 
times. This is opposite to the age effect noted in the 
ECOC interferon study, in which older patients had a 
significantly worse outcome. The reason for our result is, 
of course, speculative. A provocative but testable hypoth- 
esis is that the increased tendency toward autoimmunity 
associated with aging makes it easier to break tolerance 
to tumor antigens by active immunization. <0 A peculiar 
finding was the poor outcome in patients with the HLA 
phenotype, A3\A2~. Since we did not perform complete 
HLA analysis in our patients, this observation could be 
dismissed as aru factual However, before doing so, one 
should consider that two varieties of putative autoimmune 
disease occur at a much lower frequency in people who 
express HT.A-A3. J1 -* 2 Thus it is possible that this pheno- 
type is associated with diminished immune responsive- 
ness in certain situations. 

Finally, we found that paticnu who developed DTH to 
autologous, unmodified melanoma cells had >ignificandy 
longer survival following ircaimeni with DNP vaccine 
This observation strengthens our claim that DNP vaccine 
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works by inducing an antimelanoma immune response. 
Also, il provides an important immunologic parameter by 
which ihe effectiveness of new vaccine approaches can 
be measured. It i:. important to note that the magnitude 
of DTH responses to DNP-modified melanoma cells was 
uniformly high und was not predictive of clinical out- 
come. We believe dial Ihe development of cell-mediated 
immunity to hapten modified cells is necessary, but not 
sufficient for the generation of an antitumor response. 28 
Little is known about the importance of dosage sched- 
ule for ihe effectiveness of human tumor vaccines. Our 
original dosage schedule (schedule A) was based on work 
previously performed with a less successful, nonhapten- 
ized autologous melanoma vaccine. 10 After analyzing the 
immunologic results of schedule A, we made a strategic 
decision to lest a second dosage schedule (B) that was 
more intensive and might be expected to induce stronger 
DTH responses more rapidly. Moreover, in a pilot study 
of schedule B in melanoma patients with measuruble me- 
tastases, we observed a striking ease of 95% regression 
of multiple lung metastases (unpublished observation). 
The results of the current study do not support our hypoth- 
esis, because (1) the clinical effects of schedules A and 
B (ie, relapsc-frec and overall survival) were not signifi- 
cantly different; and (2) DTH to unmodified autologous 
melanoma cells was actually greater with schedule A. 
Thus, at this writing, we cannot recommend one schedule 
over the other, and additional studies of the immunologic 
and clinical effects of DNP vaccine dosage and frequency 
of administration are in progress. 

The finding of tumor inflammatory responses in the 
initial sites of relapse in seven of 14 patients in whom 
this could be evaluated (ie. skin metastases) was unex- 
pected. To our knowledge, this phenomenon has not been 
previously reported in either surgical series or in patients 
receiving adjuvant therapies. The histology of these re- 
sponses closely resembles the tumor inflammatory re- 
sponses induced by DNP vaccine in patients with clini- 
cally evident metastases, 7 and suggests an incipient 
immune reaction against the recurrent tumor. The obser- 
vation that inflammation of recurrent tumors was associ- 
ated with prolonged survival indicates that the response 
was clinically meaningful. 

This is the largest published trial of an autologous 
tumor vnceine as a postsurgical adjuvant therapy. Al- 
though the results must be interpreted with caution in the 
absence of a concomitant control group, patients who 
received DNP vaccine appear to have markedly higher 
relapse-free and overall survival rates than have been 
reported with surgery alone. Moreover, the survival per- 
centages arc comparable to, and may be higher than, those 
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of patients treated with high-dose interferon, and w« 
achieved with minimal toxicity. Finally, DNP vaccine 
has M>me intriguing immunologic features— increased 
effectiveness in older subjects, possible HLA association, 
induction of tumor DTH responses, and Inflammation in 
recurrent tumor sites— that have not been reported in 
other human tumor vaccine trials. 33 M 

There are practical considerations for the large-scale 
leafing and application of an autologous melanoma vac- 
cine. The vaccine requires the availability of at least 5 g 
of tumor tissue (a 2- to 3<m diameter mass) und a labora- 
tory that is capable of processing it. Wc have demon- 
strated the feasibility of acquiring and processing tumor 
specimens and preparing and administering haptenized 
vaccines for the treatment of 50 to 75 patients per year. 
Although the procedures are relatively simple, upscaling 
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tfaem to provide treatment for hundreds or thousands of 
patients at multiple sites would be a challenging task that 
would require the resources of a biotechnology company 
However, we believe that, given our promising clinical 
results, tt should now be possible to conduct an ade- 
quately powered phase III clinical trial to compare DNP 
vaccine with an established treatment. Plans for such a 
(rial are in progress. 

ACKNOWLEDGMENT 
We acknowledge the contributions of the following Individ aais- 
Winded Medley and Capita uork. who prepared the vaccine* 
and^in-lttung materials: Ellen Blnoine. RN', who administered the 
vaccmcs and monitored the patients: anJ our surgical colleague* 
wnn took the time to prepare die clinical specimen* and send (hem 
to our laboratory. 



REFERENCES 

1". Balch CM, Soong S-J. Murad TM. et *J; A multifactorial analy- 
sis ci ' nielanoma. HI. Prognose factors in melanoma patients with 
lymph node metastases (stage IJ). Ann Surg 193:377-388 1981 

2. C oit DO. Rogaiko A, Brennan MR Proenostic factors in pa- 
tients with melanoma metastatic to axillary or inguinal lymph nodes' 
A multivariate analysis. Arm .Stir$ 214 627-636 Wl 

3. Karakousis CP, Scddiq MK, Moore R: Prognostic value of 
lymph node direction in malignant melanoma. Arch Sure 115-719. 
722, 1980 h " 

* Siingluff CI. Jr. Stidhurr. KR. Kicci WM f cca!: Surgical mm- 
agement of regional lymph nodes in patients with melanoma: Experi- 
ence with 4682 patients Ann Surg 219:120- MO 1994 

5. Retsas Quifiley M. Prides D. cr al: Clinical and histo. 
logic involvement of regional lymph nodes in malignant melanoma- 
Adjuvant vmdesine improves survival. Cancer 732U9-2I30 1994 
6 Kirkwood JM, Sirawucrman MH, KmsiofTMS. eiai: Interferon 
alfa-2b adjuvant therapy of high-risk reacted cutaneous melanoma: 
Tnc Eastern Loopetative Oncologv Group aial EST 1684 J Clin 
Oncoi 14.7-17. 1996 

7. Be.xl D. Murphy C, Magui.c HC Jr. et al: Immunization with 
hapreuizcd. autologous rumor cells induces inflammation of human 
melanoma metastases. Cancer Res 51:2731-2734, 199) 

8 Sato T. Medic P. Maauofci K. el al: Interleukin 10 production 
by human melanoma. Clin Cancer Res 2: 1383-1390. 1996 

9. Berd D. Magmre HC Jr. MaMrangelo MJ; Treatment of human 
melanoma with a hapten- modified autologous vaccine Ann NY 
Acad Sci 690:147-152, 1993 

10. Herd O. Maguire HC .lr, Mastran S elo MJ: Induction of cell- 
mediated immunity to autologous melanoma celk and regression of 
metastases titer treatment with a mclaiuuna cell vaccine preceded 
hy cyclophosphamide. Cancer Res 46:2572-2577. 1986 

11. Miller SD. Claman HN: The induction of hupicn-specific T 
cell tolerance by using hapten-modified lymphoid cells. I. Character- 
istics cf toleiflncc induction. J Immunol 1 1 7: 15 19 1526 1976 

12. Berd D. MastrangcJu MJ, Engstrom PF, et al: Augnicnratioii 
of the human m-.munc response hy cyclophosphamide. Cancer Res 
424862^(866, J982 

13. 8erU D. Mastrangelo MJ: Acrive immunotherapy of human 
n>cianoma exploiting the irrununoporemi.amg effects of cyclophos- 
phamide. Cancer Invest 6:337-349, 1988 



14. CfKM MA, Coit DG: Recurrence patterns and outcome in 
10 9 patients undergoing axillary or inguinal lymphadencctomv for 
melanoma. Aa*h Surg 127:1412-1416, 1992 

15. Mitchell MS: Relap.se in tlie central nervous system in mela- 

^n, P ™ tS SUtXCS,tfu " y ***** wi(h hiomodulaiors. J Clin Onco! 
7:1701-1709, 1989 

^16. McClay EF. Mamiigelo MJ, Bellct RE, et al: Combination 

Chemotherapy and hormonal tWopy i„ the r re «tmeni ^ „ ta li«i M m 

melanoma. Cancer Treat Rep 71:465-469, 1987 

17. Herd D, Magnire HC Jr, Maainmgelo MJ. et al: Activation 
markers on T cells infiltrating melanoma metastases after therapy 
with Anitropheiiyl^nnjngated vaccme. Cancer Immunol fm,r«- 
nother 39:141-147, 1994 

18. Mnguire HC Jr. Ettorc VL: Hnhancement of dinitnvhlorobcn- 
(DNCB) contact sensitization hy cyclophosphamide iu the 
apg. J Invest Dermatol 48:39-42. 1967 

19. Murphy GF. k«Ju A, Kummct M, ct al. AutuK- fi o..» mcU- 
bh i vaccine induces inflammatory responses iu inelnnomn meta.su- 

•et: Relevance to introunologic regression and immunotherapy j 
Invert l>crmaui| 10Q:33.VS-341S, J 993 

20. Urti.ne ec, Masrrangelo MJ. Ilagawa O, or al. Expression 
or cytokine mRtVA in human melanoma Tissues Cancer Irrmurol 
imiminothcT 41:151-156, 1995 

21. Sensi M, Farina C. Maccalli C, ei al: Clonal expansion of 'I 
Wwcyie* m human melanoma merattasa after treaimcnt wiih „ 
MptM-modified autologoui tumur vaccine. J Clin Invest 9Q-7|.-j. 
717* 1997 

2 Jt 3 ? eaier GM: Ce|I - mwliutcd cytotoxicity lo rrimtrcphcnyl- 
modificd lyngcneic lymphocytes. Eur J Immunol 4-S27^3 1.974 
23 Neurath MF, Fuss I. Kdsall DL. ct al: Anrihodies to int Fr k u- 
^*128lT290 ^ li * llCT,M|,er,l " ,uluU ' 01ltls in micc 1 tx P Med 

24. T*ut4ut If. Terano Y. Saka£ami C. ei al: Drug spec,!,, T 
celh derived from patients w.ih drug induced allergic heputitis J 
Immunol 149:706-716, 1992 

25. deWeck AL: Plwrmicologic und immunochemical niecha- 

^L°L^ g h >'I wensitivil >- ImnmiH.1 AHer R Clin N t „th Am 
J 1:461-474. 199) 

26. Cillilnnd DC: Drug-induced nucoimmune and hcmatnlo-,, 
Uisorden. Immunol Allerg Clin North Arn 11:525-553. 1091 r 



t 



2370 

27 Ortmajm B, Martin S, Von Bonin A. et al: Synthetic peptide* 
anchor T cell-specific TNP epitope* in MHC antigens. J Immunol 
148; (445- 1450, 1992 

28 Martin S. Von Bonin A. Fessler C et al: Structural complciiry 
of antigenic determinants for class I MHC-restnctcd, hopten-spedfic 
T cells: Two qualitatively cJilicring type* of H-2K»-restricted TNP 
epitopes. J Immunol 151:678-687. 1993 

29. Kim BS, Jang YS: Constraints in antigen processing reiuhm 
unresponsiveness to a T cell epitope of hen egg lysozyme in C57BU 
6 mice. Eur J Immunol 22:775-782, 1992 

30. waller MF. Srhwab R. Huett F. « al: Cellular basis for the 
age-associated icciease in autoimmune reactions. Int Immunol 
2:329-335, 1990 

M. Miim O, Johnson L', Prcllnei K, ci al. HLA fluency in 



BERD ET AL 

patients with recurrent acute otms media. Arch Otolaryngol Head 
Neck Surg 117:1296-1299. 1991 

32. Giardicllo FM. Uzcnby AJ. Yardley JH. et ai: Increased Kl .A 
Al and diminished HLA A3 in lymphocytic colitis compared to 
controls and patients with collagenous colitis. Dig Dis So 37.496- 
499, 1992 

33. Livingston PO, Wong GYC. Adlur S. et al: Improved sur- 
vival m stage 111 melanoma patients with GM2 antibodies A ran- 
domized trial of adjuvant vaccination with GM2 gangliosidc J Clin 
Oncol 12:1036-1044. 1994 

34. WnUacIc MK. Sivanandham M, Halch CM. et al: A phase 111 
randomized, double-blind. multiinsticuiional trial of vaccinia mela- 
noma OTKolysate-ucuve specific immunotherapy for patients with 
jtago n melanoma. Cancer 75:34-42. 1°°-$ 



SiT.'C-lLL 

Fronv Hunt, Jennifer 

Sent .' ' Saturday. July 28, 2001 1:48PM 

To . ' STIC-ILL 

Subject- References for 09/304,859 



Please send me the following ASAP: 
Oncologist, (1997) 2/5 (284-299) 

Proc Annu Meet Am Assoc Cancer Res, (1996). Vol. 37, pp. A3262 
ProcAnnu Meet Am SocClin Oncol, (1996). Vol. 15, pp. A1811 
Proc Annu Meet Am Assoc Cancer Res, (1995). Vol. 36, pp. A2926 
Melanoma Res, (1993). Vol. 3, pp. 51 
Cancer Immunol Immunother, (1977). Vol. 2, No. 1, pp. 27-39 
Surg. Gynecol. Obstet, (1971). Vol. 132, Mar, pp. 437-442 (REF 12) 
"aJNICAL IMMUNOLOGY AND IMMUNOPATHOLOGY, (1997 Dec) 85 (3) 265-72" 



Proc Annu Meet Am Assoc Cancer Res, (1996). Vol. 37, pp. A3229 
CANCER IMMUNOLOGY, IMMUNOTHERAPY, (1996 Nov) 43 (3) 174-9 
CANCER RESEARCH, (1991 May 15) 51 (10) 2731-4 
Melanoma Research, (1995) Vol. 5, No. 6, pp. 443-444 

Thanks, 
Jennifer Hunt 

Patent Examiner, Art Unit 1642 

CM1-8D06 

(703)308-7548 



l 



CLINICAL IMMUNOLOGY AND IMMUNOPATHOLOGY 

Vot. 85, No. 3, December, pp. 265-272, 1997 
Article No. II974419 



Dinitrophenyl-Modified Autologous Melanoma Vaccine Induces a T Cell 
Response to Hapten-Modified, Melanoma Peptides 

Takami Sato,*t Timothy N. J. Bullock,t Laurence C. Eisenlohr,t 
Michael J. Mastrangelo,* t and David Berd*t 

^Division of Medical Oncology, Department of Medicine, and iKimmel Cancer Center, 
Thomas Jefferson University, Philadelphia, Pennsylvania 19107-5099 



Active specific immunotherapy with dinitrophenyl 
(DNP)-modified autologous melanoma vaccine elicits 
inflammatory responses in metastatic tumor sites. 
Postsurgical adjuvant immunotherapy with this vac- 
cine prolongs survival in stage III melanoma pa- 
tients. We have reported that, after administration 
of DNP-modified melanoma vaccine, T cell responses 
to DNP-modified autologous tumor cells are demon- 
strable in vivo and in vitro. These responses are hap- 
ten specific and MHC restricted. To elucidate this 
phenomenon, we investigated the immune response 
to DNP-modified peptides eluted from autologous 
cells. Short peptides were extracted from DNP-modi- 
fied and unmodified autologous melanoma cells by 
an acid elution technique and HPLC fractionation. 
Peptides were also extracted from DNP-modified and 
unmodified, EB virus-transformed, autologous B 
lymphoblasts. These various peptide fractions were 
loaded onto autologous B lymphoblasts and tested 
for ability to elicit a response by a DNP-specific T cell 
line as measured by IFN-y production. Unexpectedly, 
stimulatory activity of peptides from DNP-modified 
melanoma cells was confined to a single HPLC frac- 
tion. Spectrometric analysis of this fraction con- 
firmed modification of peptides with DNP. A weaker 
T cell response was observed to a single HPLC frac- 
tion of DNP-modified peptides from the patient's B 
lymphoblasts. No T cell response was elicited by cor- 
responding fractions of peptides eluted from unmod- 
ified melanoma cells or B lymphoblasts. These find- 
ings demonstrate the human T cell response to DNP- 
modified autologous melanoma cells is mediated by 
hapten-modified, MHC-associated peptides. Further 
investigation of these peptides could lead to a new 
strategy for peptide-based cancer immunotherapy. 

0 1997 Academic Press 



INTRODUCTION 

Successful immunotherapy against human cancer 
requires the induction of a cell-mediated immune re- 



sponse to weakly immunogenic tumor-associated anti- 
gens. Recent advances in technology have made it pos- 
sible to identify tumor-related peptides associated with 
MHC molecules that elicit cytotoxic T cell responses 
(1-3), and clinical applications of peptide-based vac- 
cine are now under investigation (4, 5). 

Our group has been investigating a hapten-modi- 
fied autologous melanoma cell vaccine (6). Melanoma 
cell suspensions obtained from metastatic masses are 
modified with a hapten, dinitrophenyl (DNP), and ad- 
ministered intradermally with BCG after pretreat- 
ment with low-dose cyclophosphamide. This treat- 
ment induces inflammatory responses in metastases 
(6) and also significantly increases disease-free sur- 
vival and total survival in patients with bulky, re- 
sectable nodal metastases (7, 8). Immunohistochemi- 
cal and flow cytometric analyses of postvaccine, in- 
flamed metastases shows marked infiltration with 
CD8 + lymphocytes (9), and some of these specimens 
contain m-RNAfor IFN-y (10). Furthermore, Sensie^ 
al. recently reported the appearance of novel TCRV/3 
structures in metastatic melanomas in which in- 
flammation was induced by DNP-modified vaccine 
(11). Patients who receive DNP-melanoma vaccine 
develop a strong delayed type hypersensitivity (DTH) 
response to DNP-modified autologous melanoma 
cells and, to a lesser extent, to DNP-modified autolo- 
gous PBL (12). This is reflected in vitro by prolifera- 
tion and cytokine production by PBL obtained from 
patients following vaccination, but not prior to vacci- 
nation. Previous studies of a CD8^ T cell line derived 
from such PBL indicate that the response to DNP- 
modified autologous cells was class I MHC restricted. 
Furthermore^ the T cell line responds to allogeneic 
DNP-modified stimulators that are matched at one 
or both HLA loci, but not to stimulators that are HLA 
mismatched (12). 

In this study, we investigate the epitopes recognized 
by these DNP-specific T cells. We demonstrate that 
the T cells respond to small, DNP-modified peptides 
associated with the MHC. Unexpectedly, the stimula- 
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tory activity appeared to be limited to a single HPLC 
peptide fraction. 

MATERIALS AND METHODS 

Cells 

PBL were obtained from a patient who developed a 
strong DTH reaction to DNP-modified autologous mel- 
anoma cells following DNP vaccine administration. 
PBL were separated from blood by density gradient 
centrifugation, suspended in freezing medium, frozen 
in a control-rate freezer, and stored in liquid nitrogen 
until use (12). 

A T cell line was established from these PBL by re- 
peated stimulation with DNP-modified autologous mel- 
anoma cells (DNP-Mel) as descrived previously (12). In 
brief, PBL (2 X 10 6 ) were mixed with autologous DNP- 
modified melanoma cells (4 x 10°) in 24-well flat-bot- 
tom plates in lymphocyte culture medium (RPMI 1640 
supplemented with 10% human AB serum, 2 mM L- 
glutamate, 100 //g/ml /100 U/ml streptomycin/penicil- 
lin, 10 mM Hepes, 1% nonessential amino acids ). After 
5 days of culture, recombinant interleukin 2 (IL-2) (a 
gift of Chiron, Emeryville, CA) was added at 100 U/ml. 
Expanding T cell cultures were maintained in culture 
medium with IL-2 and were split as needed to maintain 
a concentration of approximately 2 x 10 6 cells in a 
22-mm-diameter well. The cultures were restimulated 
with DNP-modified autologous tumor cells every 2 
weeks. After 4 weeks of incubation, a T cell line that 
was specific for DNP-modified autologous melanoma 
cells was established. The T cell line used for peptide 
experiments consisted of 51% CD4" cells and 48% 
CD8" cells at the time of study as determined by flow 
cytometry. This T cell line responded to DNP-modified 
autologous melanoma cells by proliferation and IFN-y 
production. IFN-y production by the T cell line after 
stimulation with DNP-modified autologous melanoma 
cells was completely inhibited by an anti-MHC class I 
antibody but not inhibited by an anti-MHC class II 
antibody (inhibition of 91 and 12.5%, respectively). 

B lymphoblastoid cells were obtained by EB virus 
transfection using standard techniques (12). 

Melanoma cells were enzymatically extracted from 
metastatic masses from the same patient and cryopre- 
served by a previously described method (9). An autolo- 
gous melanoma cell line was established from the mela- 
noma cell suspension in our laboratory. This cell line 
is positive for melanoma-associated proteoglycan de- 
tected by antibody 9.2.27 (13) (a gift of the Biological 
Response Modifiers Program, National Cancer Insti- 
tute, Frederick, MD) (100% of the cells) and MHC-I and 
MHC-II molecules (100 and 30%, respectively). HLA-A 
types of this cell line are HLA-A 1, A2, and identical to 



the patient's PBL- and EB virus-transformed B 
lymphoblasts. 

Hapten Modification 

Autologous B lymphoblastoid cells and melanoma 
cells were modified with DNP by the previously de- 
scribed method (14). The DNP modification was con- 
firmed by flow cytometry with a mouse monoclonal 
anti-DNP antibody (SPE-7; Sigma Chemical Co., St. 
Louis, MO). After DNP modification, cells were fixed 
with 70% ethanol on ice for 10 min and then stained 
with anti-DNP antibody, followed by sheep anti-mouse 
immunoglobulin antibody conjugated to FITC (Sigma). 
By this assay, 100% of the cells were shown to be modi- 
fied with DNP. 

Peptide Extraction 

Peptides were extracted from MHC molecules of 
DNP-Mel, unmodified melanoma cells (MEL), DNP- 
modified B lymphoblastoid cells (DNP-Ly), and unmod- 
ified B lymphoblastoid cells (Ly) by the modified 
method of Rotzschke et al. [15]. In brief, 10 9 cells were 
suspended in 0.1% trifluoroacetic acid (TFA; pH 2,2) 
and then in 1% TFA, disrupted with a homogenizer 
and sonicator, and stirred at 4°C for 30 min. Insoluble 
fractions were removed by centrifugation at 141,000g 
for 30 min and samples were then lyophilized to remove 
the organic solvent. The released peptides were then 
reconstituted in 0,1% TFA and 5% acetonitrile and sep- 
arated from proteins by using a Centricon-10 (Amicon, 
Bedford, MA) ultrafiltration devices (10 kDa cutoff) 
and fractionated by using reverse-phase HPLC on a 
Vydac C4 column (150 x 4.6 mm; 5 //m) (The Nest 
Group, Southborough, MA) with a Hewlett Packard 
1050 HPLC system. HPLC solvents consisted of Buffer 
A (0.1% TFA, 5% acetonitrile, and 95 % H 2 0) and 
Buffer B (0.1% TFA, 99.9% acetonitrile). Gradients con- 
sisted of the following linear step intervals; 0 to 5 min, 
100% A; 5 to 45 min, 25% B (in A); 45 to 55 min, 50% 
B (in A); and 55 to 60 min, 100% B. Injection volume 
was 150 /A and flow rate was 1 ml/min. Absorbance 
was measured at 214 nm. Fractions were collected and 
dried by lyophilization. 

- Cytokine Production to Peptides 

T cell responses to eluted peptides were measured by 
IFN-y production. Each fraction of lyophilized peptides 
was reconstituted in 200 fil of phosphate-buffered sa- 
line solution. EB virus-transformed autologous Ly were 
inactivated by mitomycin C and plated into a 96-well 
round-bottom plate at 2 x 10 4 in 50 fil of lymphocyte 
culture medium. Ten microliters of peptide was added 
into each well and incubated for 1 hr at 37°C. After 
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this incubation period, T cells were added into each 
well at 10 5 /well in 100 {A of culture medium and incu- 
bated for 18 hr, and then supernatants were collected 
for IFN-y assay. IFN-y production to autologous B 
lymphoblasts that had not been peptide loaded was 
also measured as background activity. For batch analy- 
sis, 5 pi of peptides was collected from each of 10 frac- 
tions and 25 jA of the combined peptide fractions was 
added to each well. 

IFN-y Assay 

The concentration of IFN-y in supernatants was 
measured by a commercially available ELISA kit (En- 
dogen, Boston, MA; sensitivity, 5 pg/ml). The specific 
reaction to each peptide fraction was defined as IFN-y 
(sample)-IFN-y (background). 

Spectrometric Analysis of DNP -Modified Peptides 

DNP modification of the peptides was determined by 
analytical HPLC on a Vydac C18 column (25 x 4.6 mm; 
5 fim). Two HPLC solvents, Buffer A (0. 1% TFA, 99.9% 
H 2 0) and Buffer B (0.1% TFA, 99.9% acetonitrile), were 
used in programmed gradient of 5-25% Buffer B over 
40 min (0.5%/min). The fractionated peptides were in- 
jected into the analytical HPLC system at flow rate of 1 
mVmin and absorbance was measured by spectrometer 
with wavelength of 200-380 nm. The eluted peptides 
were judged as DNP modified if a peak at 330-360 nm 
was detected (16). 

RESULTS 

T Cell Responses to DNP-Modified Autologous 
Melanoma Peptides 

MHC-associated peptides eluted from DNP-Mel were 
loaded onto B lymphoblastoid cells and tested for abil- 
ity to stimulate a T cell line responsive to intact DNP- 
Mel. As shown in Fig. 1, the T cells predominantly 
responded to a single peptide fraction 15 with a lower 
response to the adjacent peptide fraction 14. 

Comparison of Peptides Eluted from Melanoma Cells 
and B Lymphoblasts 

Based on the result obtained above, we further inves- 
tigated the difference in T cell responses to DNP-Mel 
and unmodified Mel peptides and to DNP-Ly and un- 
modified Ly peptides. A new batch of peptides was pre- 
pared by growing 10 9 cells from autologous melanoma 
cell line (Mel) and EB virus-transformed B lympho- 
blasts. The cells were modified with DNP or left unmod- 
ified. Peptides were eluted from all four cell types. Ini- 
tially, HPLC fractions were pooled into groups of 10. 
As shown in Fig. 2, the T cells only responded to the 



pool containing peptide fractions 11-20 from DNP- 
Mel. They did not respond to other peptides pools from 
DNP-Ly, Ly, or unmodified MEL. 

Next, individual peptide fractions of pools 11-20 
from DNP-Mel, unmodified Mel, and DNP-Ly or un- 
modified Ly were loaded onto autologous B lympho- 
blasts and tested for IFN-y production by DNP-specific 
T cells. As shown in Fig. 3, the T cells responded to the 
DNP-Mel peptide fraction 18 and, to a lesser extent, to 
peptide fraction 17. The difference between this result 
and the result obtained in the first DNP-Mel peptide 
batch (Fig. 1) is likely to be due to slight variability in 
HPLC conditions. Peptide fractions 17 and 18 eluted 
from DNP-Ly were also stimulatory, although the re- 
sponse to fraction 18 from DNP-Mel was much greater 
than that from DNP-Ly. No significant response was 
evoked by any of the fractions of unmodified autologous 
cell peptides. The T cells also proliferated after stimula- 
tion with DNP-Mel fractions 17 and 18 (stimulation 
index, 2.4 and 3.9, respectively) and DNP-Ly fraction 
17 (stimulation index, 2.0) but did not respond to other 
fractions by proliferation (data are not shown). 

Demonstration That Stimulatory Peptides Are DNP 
Modified 

To determine whether peptides in the stimulatory 
fractions were DNP modified, we analyzed selected 
fractions by spectroscopy at wavelengths of 200-380 
nm using shallow gradients as described under Materi- 
als and Methods. Individual peptide fractions 11 to 20 
from DNP-Mel were examined. As shown in Figs. 4b 
and 4c, peptides in fraction 18 from DNP-Mel eluted 
at 6.4 to 6.9 min exhibited absorption at 330 nm, indi- 
cating that they were DNP modified (16). In contrast, 
none of other nine peptide fractions from DNP-Mel elic- 
ited peaks at 330-360 nm. Representative results for 
one of these negative peptide fraction 11 are shown in 
Figs. 4e and 4f. A 330-nm peak was also detectable in 
peptide fraction 17 from DNP-Ly (data not shown). 

The spectroscopy data were confirmed by blocking 
experiments with anti-DNP antibody. As shown in Fig, 
5, IFN-y production by DNP-specific T cells stimulated 
by DNP-Mel fraction 18 was almost completely blocked 
by anti-DNP antibody. 

DISCUSSION 

This study demonstrates that immunization with au- 
tologous melanoma cells modified with the hapten DNP 
induces a T cell response against hapten-modified, 
MHC-associated peptides. To our knowledge, this is 
the first demonstration of a T cell response to hapten- 
modified, MHC-associated peptides in the human sys- 
tem. The results of this study extend our previous find- 
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FIG. 1. T cell responses to HPLC fractions of DNP-Mel peptides. HPLC fractions of peptides were collected from DNP-modified, autolo- 
gous melanoma cells. Each fraction was loaded onto autologous B lymphoblasts and then incubated with DNP-specific T cells. IFN-y 
production of the T cells to B lymphoblasts without peptides (mean, 18.3 pg/ml) was subtracted from each test point as background. 



ings of human T cell response to hapten-modified autol- 
ogous cells (12). 

Our findings are consistent with observations re- 
ported in animal experiments (17-20). For example, 
von Bonin et al. (17, 19) reported that trinitrophenyl 
(TNP)-specific T cell responses are directed to peptides 
anchored to the MHC molecules, not to hapten-modi- 
fied MHC molecules themselves. They demonstrated 
that: (i) TNP modification of intact cells leads to the 
production of TNP-modified, MHC-associated peptides, 

(ii) such TNP-modified, MHC-associated self-peptides 
form antigenic epitopes for TNP-specific T cells; and 

(iii) TNP is a critical element for the T cell response. 
In their experiments, mice appear to produce two 

types of T cell responses to hapten-modified, MHC-as- 
sociated peptides. The first type is sequence indepen- 
dent: TNP-specific T cell clones recognize a variety of 
TNP-modified peptides provided that TNP-lysine is lo- 
cated at position 4 and appropriate anchoring side 
chains for the MHC groove are present (18). It is specu- 
lated that TNP may stimulate J/?/V/?-joining regions of 
T cell receptors, preserving the variability of TCR-a 
and -0 regions (21, 22). The flexibility in the rest of 
the peptide sequence eases induction of hapten-related 
immunological responses since the chance that T cell 
receptors will encounter TNP-modified immunogenic 
epitopes increases dramatically. 



The second type of T cell recognition of hapten-modified 
cells is sequence dependent: a minor fraction of TNP-spe- 
cific T cell clones recognize only certain sequences of TNP- 
modified peptides. In this case, designer peptides have 
revealed a complex antigenic determinant comprised of 
TNP-lysine in position in 7 and unmodified amino acids 
in positions 3 and 4 (18). Interestingly, these T cell clones 
also recognize unmodified peptides; i.e., there was asso- 
ciative recognition of unmodified peptides by T cell clones 
generated by immunization with hapten-modified pep- 
tides. A similar observation has been made in another 
murine system: T cell hybridomas responsive to hen egg 
lyzozyme (HEL) modified with the hapten, phosphoryl- 
choline recognized unhaptenized HEL as well as hapten- 
ized HEL (23). 

This phenomenon might explain our clinical findings 
that hapten-modified autologous melanoma cell vac- 
cine induces inflammation in remote metastases (6) 
and that the inflammatory response includes T cell 
clones with unique structures that recognize unmodi- 
fied melanoma cells (11). This paper shows that vacci- 
nation with hapten-modified autologous melanoma 
cells induces T cells which react with hapten-modified 
tumor peptides on the MHC of melanoma cells. A minor 
fraction of these T cells may associatively recognize 
unmodified tumor peptides and consequently be at- 
tracted to the metastatic sites. Clonal analysis of the 
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FIG. 2. Batch analysis of peptide fractions from DNP-modified and unmodified Mel and Ly. A new HPLC fraction of peptides was 
prepared from the autologous melanoma cell lines and from autologous EB virus-transformed B lymphoblasts. The cells were either modified 
or unmodifed with DNP and then small peptides were eluted from the MHC and fractionated by HPLC. Ten fractions of the peptides from 
each cell type were collected into one batch and tested for ability to stimulate IFN-y production by T cells. Ly, DNP-Ly: DNP-unmodified 
(Ly) or modified (DNP-Ly), EB virus-transformed autologous B cells, Mel, DNP-Mel: DNP-unmodified (Mel) or modified (DNP-Mel), autolo- 
gous melanoma cell line. 
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FIG. 3. T cell response to individual peptide fractions from batches 11-20. Peptides were prepared as described in the legend to Fig. 
2. IFN--y production of the T cells to B lymphoblasts without peptides (mean, 41.5 pg/ml) was subtracted from each test point as background. 
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FIG. 4. Spectrometry analyses of DNP-modified melanoma peptide fractions. Individual DNP-Mel fractions 11-20 were analyzed by 
HPLC with absorbance at 200-380 nm. The results of fraction 11, which did not stimulate DNP-reactive T cells, and 18, which did stimulate 
DNP-reactive T cells, are shown, (a) Absorbance of peptide fraction 18 measured at 220 nm. (b) Absorbance of peptides fraction 18 measured 
at 330 nm. (c) Absorbance of representative peptide peak (indicated by arrow in a) at wavelengths of 200-380 nm. The peptides retained 
between 6.4 to 6.9 min (shown with a bar in b) elicited a peak at 330 nm. (d) Absorbance of peptide fraction 11 measured at 220 nm. (e) 
Absorbance of peptides fraction 11 measured at 330 nm (no peak seen). (0 Absorbance of representative peptide peak (indicated by arrow 
in d) at wavelengths of 200-380 nm. No 330-nm peak is present. 
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FIG. 5. Blocking of T cell response to DNP-Mel fractions by anti-DNP antibody. Autologous B lymphoblasts loaded with a fraction of 
DNP-Mel peptides were incubated with anti-DNP antibody for 1 hr prior to the addition of DNP-specific T cells. IFN-y production by the 
T cells were measured after an 18-hr incubation. 



DNP-specific T cell line and sequence analysis of the 
stimulatory fraction of DNP-Mel will be required to 
test this hypothesis. 

It remains to be answered why our DNP-specific T 
cell line responded predominantly to a single fraction of 
peptides extracted from the DNP-modified autologous 
melanoma cell line. The spectrometric analyses of the 
stimulatory DNP-Mel peptide fraction 18 suggest that 
multiple peptides in this fraction were modified with 
DNP. It is possible that different DNP-modified mela- 
noma peptides with different structures, but with ly- 
sine in the same position, are collected into a single 
HPLC fraction. In fact, von Bonin et al (19) demon- 
strated that TNP-modified peptides eluted from TNBS 
modified mouse splenic cells are collected in contiguous 
HPLC fractions and strong cytotoxic T cell responses 
are elicited to target cells loaded with these fractions 
of hapten-modified peptides. In contrast, only a weak 
response was induced by a noncontiguous fraction. It 
is also possible that in our system additional fractions 
of DNP-modified peptides were present but below the 
threshold of detection by our spectrometric analysis. 

Identification and sequencing of the DNP-modified 
peptides that mediate T cell responses in our system 
would yield both practical and heuristic benefits. 
Such peptides might be able to serve as effective mel- 
anoma vaccines, perhaps obviating the need to pre- 
pare a different cellular vaccine for each patient. Fur- 



thermore, explication of the structure of the se- 
quence-dependent peptides could lead to the 
structure of the unmodified peptides with which they 
are cross-recognized. In turn, this could result in the 
discovery of new, immunogenic melanoma antigens. 
Thus attempts at elucidating peptide structures, al- 
though tedious and technically daunting, appear to 
be justified. 
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